
���������	��
������������������
����� !���#"��%$&���%���('*) �+��,��	-/.0�($1
2 �
2���/34�5��$1�( � ��( 6-�
��
78���	�('�9:���(�+��$&;/
��/��;��<���=�%$1�>��?@"@
��
A���������+���#BC���%�D�5�E�����F�� 

GIHJHLK�M=N	O1PQGSRUTWVYX[Z(\]TQ^�_a`�b+cdHJ^�O
e	f�gihkjmlUn�f�oplrqts5u&qkn�givilmf�j(wpx�yzf�oix2f

{&jUq}|1o=~	oiyz�kf�jm�Uyzl��
�5jUq}�pyz�if�oix�ft�L�F�r�k���i��
��� f � ��lm���L���	x������ijmq}|1o���f��iv

�dRU��\5�U^�_@��HDN1�UHD^�N
�=���I�(jmlUy¡ ¢x�yzhk����oplmf��z��yz£�f�oix�f%¤�h��

¥t¦§¥¨��f�xA©ioiqk�zq�£k��wpªpvih�jUf
u&hkn��«jUyz�i£kft�¬�=����i�®k�

oin��	hky¯��n�yzl�� f��iv

°�±�²�³´}µ¢¶}³
·z¸+¹�º�»}¼�½p¾�¹�º¯¿À¼]ÁkÂÀ¾2¸k¸�¿�¸§Ã+Á�ÄU»�Å�ÂÀÆÈÇ+¹DÉÊ»�ÄUÇFËkÂÀ¾º�ÆAÌ%¾�¹LÉÊ¾�¼Aº�»2ÄUÆÈÌ
Í�¾�Ä�Î}»�ÏdÌ�ÆA¼U¿À¹¯¿À»2¸Á�ÄU»}¼AÆÈ¹�¹�ÆA¹aÐÊÍ�ÑrÒD¹UÓmÔ�¾2ÂÀ¹�»@¼È¾2Â�ÂÀÆAÌÌ�ÕÖ
¸§¾Ç	¿À¼+ÅiÆUÂ�¿ÀÆmÉ&¸§ÆAº¯×�»2Ä�Î�Í�Ñ&ÒJ¹%ÐÊÑ&Ø�Ù�Ö¯Í�ÑrÒD¹UÓ+ÐÊØ�»�Ëpº¯¿�Â�¿ÀÆmÄ�Ô
ÑrÆA¾2¸¢ÔiÚ@Û&¾�¸�Îk¹(ÜAÝ�ÝÝ}ÓmÔpÞk¸§Ìt¿�¸§ÃEº¯½§ÆFÅ¬ÆA¹�º�Ái»2Â�¿À¼AÕßÐÊ»2Är¼A»�¸�Ö
Ì}¿Àº¯¿À»2¸§¾2ÂiÁkÂÀ¾2¸¬ÓL¿À¹DÙrÒLÖÊ½§¾2ÄUÌià�á]¸pÆ�»2É¬º¯½pÆ�Ì}¿�â%¼mËkÂÀº¯¿ÀÆA¹&¼A»�Ç+ÆA¹
ÉzÄU»�Çdº¯½pÆ&ÉÊ¾�¼Aº�º¯½§¾º�º¯½§Æ&¸}Ë§ÇFÅiÆUÄ&»�É�¼A»�¸pÌ}¿Àº¯¿À»2¸§¾2ÂÀ¹&ÄUÆÈãË�¿�ÄUÆAÌ
º�»ß¹¯ÁiÆA¼U¿�ÉÊÕäº¯½pÆ�Ái»2Â�¿À¼AÕå¼A¾�¸@Ã�ÄU»2×Qº�»æÅ¬Æ=ÆAçÁi»�¸pÆm¸kº¯¿À¾�Â+¿�¸
º¯½§Æ&¹¯¿ÀèAÆ(»2Ééº¯½pÆ&ÄUÆUÁ�ÄUÆA¹�ÆU¸kº�¾º¯¿À»2¸�ÉÊ»�Ä&º¯½§Æ1Í�Ñ&Ò�à§ê}ÆAÏÆmÄU¾�ÂëÄUÆmÖ
¼AÆU¸kº¨¾�ÂÀÃ»�Ä�¿Àº¯½pÇ+¹�½§¾2Ï�Æ�Éì»}¼mËp¹�ÆÈÌa»�¸äÞ�¸§Ìt¿�¸§Ã[¾�¸å¾2ÁkÁ�ÄU»�ç¿�Ö
Ç+¾�º�Æ&Ái»2Â�¿À¼ÈÕEÅkÕ�ÄUÆÈ¹�º¯Ä�¿À¼Aº¯¿�¸pÃ�º¯½pÆ1ÄUÆmÁkÄUÆA¹�Æm¸kº�¾�º¯¿À»2¸�»2ÉJ¼A»�¸pÌ}¿�Ö
º¯¿À»�¸p¾�ÂÀ¹5Ë§¹¯¿�¸§Ã¨ÌkÆA¼m¿À¹¯¿À»�¸�º¯ÄUÆAÆA¹AàJí�Æ]ÁkÄU»2Ái»�¹�Æ1¾2¸�¾2ÂÀº�ÆmÄ�¸§¾º¯¿ÀÏ�Æ
Ái»�Â�¿À¼AÕîÄUÆUÁ�ÄUÆA¹�ÆU¸kº�¾º¯¿À»2¸äÉì»2ÄYïp¾¼Aº�»�ÄUÆAÌ[Í�ÑrÒD¹+¿�¸ðº�ÆmÄUÇ+¹Y»2É
Þk¸�¿Àº�ÆUÖ¯¹�º�¾�º�Æ�Ç+¾¼�½k¿�¸pÆßÐÊïJêtÍ�Ó(¼A»2¸kº¯ÄU»�Â�ÂÀÆmÄU¹Aàdê¿�¸p¼ÈÆEÁ�ÄU¾�¼Aº¯¿�Ö
¼A¾�Â�ÂÀÕä¹¯ÁiÆA¾�Î}¿�¸pÃä×�Æ�¾�ÄUÆ�Éì»2ÄU¼AÆAÌäº�»�Â�¿ÀÇ	¿Àº�º¯½§Æ�¸}ËpÇ1ÅiÆmÄ�»2É
¼A»�¸pÌ}¿Àº¯¿À»2¸§¾2ÂÀ¹AÔ¢×�Æ�¼mÂÀ¾�¿ÀÇñº¯½p¾�º�º¯½pÆUÄUÆ]¿À¹�¾1ÅiÆm¸§ÆmÞ§º]º�»&Å¬Æ]½§¾Ì
¿�¸ßË§¹¯¿�¸pÃßïJê}Í0¼A»2¸kº¯ÄU»�Â�ÂÀÆmÄU¹EÃ�¿ÀÏÆm¸òº¯½p¾�º%º¯½pÆA¹�Æ�¼A»2¸kº¯ÄU»�Â�ÂÀÆmÄU¹
¼A¾�¸�Ëp¹�ÆYº¯½pÆm¿�Ä1¿�¸kº�ÆUÄ�¸p¾�Â�¹�º�¾�º�Æ+º�»%Ç+¾2¿�¸kº�¾�¿�¸[¼È»2¸kº�ÆAç}º�¿�¸�ÉÊ»�Ä�Ö
Ç+¾�º¯¿À»2¸Yº¯½p¾�º�Ç	¿ÀÃ2½kº�»�º¯½pÆUÄU×5¿À¹�Æ�ÄUÆAãËk¿�ÄUÆ�¾�ÂÀ¾2ÄUÃÆ�¼A»�¸pÌ}¿Àº¯¿À»2¸§¾2Â
º�¾�Å�ÂÀÆ�»2Ä�Ì�ÆA¼U¿À¹¯¿À»2¸óº¯ÄUÆAÆàóô]ÂÀº¯½§»2Ë§Ã2½õº¯½pÆ�»2Á§º¯¿ÀÇ+¾�Â	Ái»�Â�¿À¼AÕ
Ç	¿ÀÃ�½kºF¸§»º&Å¬Æ�ÄUÆUÁ�ÄUÆA¹�ÆU¸kº�¾2ÅkÂÀÆE¾¹1¾EÞk¸k¿Àº�ÆmÖö¹�º�¾º�Æ%¼A»2¸kº¯ÄU»�Â�ÂÀÆmÄ
×�¿Àº¯½ä¾�Þ§ç}ÆAÌä¾Ç+»�Ë�¸kº%»�É1Ç+ÆAÇY»2ÄUÕÔ�×�Æ�×�¿�Â�Â&ÅiÆ�¹�¾�º¯¿À¹¯ÞpÆAÌ
×�¿Àº¯½EÞk¸§Ìt¿�¸§Ã�¾=÷¯Ã�»}»}Ì�ø%Ái»2Â�¿À¼ÈÕpù�º�»+º¯½§¾º&ÆU¸pÌiÔp×�Æ1ÌkÆmÄ�¿ÀÏ�Æ+¾
¹�º�»}¼�½p¾�¹�º¯¿À¼1Ã2ÄUÆAÆÈÌ�ÕÖö¹�ÆA¾�ÄU¼ú½�¾2ÂÀÃ»�Ä�¿Àº¯½pÇñÅ§¾¹�ÆAÌ�»2¸%ÄUÆA¼AÆm¸kº�Ì�ÆmÖ
Ï�ÆmÂÀ»2Á§Ç+Æm¸kº�¹&¿�¸�ÄUÆm¿�¸kÉÊ»2ÄU¼AÆÈÇ+Æm¸kº1ÂÀÆA¾2Ä�¸k¿�¸pÃ=ÐÊØ�¾2¿�ÄUÌßÚ@Í�»}»2ÄUÆ
ÜÈÝÝÝ�ÓF¾�¸pÌßº¯½§Æm¸ðÌ�ÆÈÇ+»2¸§¹�º¯ÄU¾º�Æ%¿Àº�¹	ÁiÆmÄ�ÉÊ»�ÄUÇ+¾2¸§¼AÆ%¿�¸[¹�»�Ç+Æ
ÆAç}¾�Ç	ÁkÂÀÆ	Ìk»Ç+¾�¿�¸p¹Aà

û�O�üpý¢\1þ	N(�ëüpRU\�O
�(�zlm©iqkvi£�©djUf2n�hkj � hk�i�zf=hk�«�}hkoix�f2��yzod�«f�lUf�jmn�yzoiyz�Ulmyzxßgi�zhkopÿ
oiyzoi£%g«jUqk�«��f2n���©ih}��f(�ëf�f�o=n�h��if1hko«��f���x�yzf�opl&hk�z£kq�jUyzlU©«n��
hkjmf�vi�Uf2�åyzoägijUh�x�lUyzx�ft���UlUqpxA©ih��UlUyzx�gi�zhkoioiyzoi£=gijmqk�i�zf�n��	söqkj
x�q�n�gi�zf��%�«qkn�h�yzoi��|1y�lm©��zhkjU£�f1�UlmhklUf	hkoi��h�x�lUyzq�o��Ugih�x�f��1jUf ÿ
n�h�yzoä�kf�jm�õ©«hkjU�@lmqälUhkx � �zf}���	oifßgih�jUl�q}s%lm©ifß�iy���x�vi�zl��
yz���iv«fðlmqõlm©ifîsöhkx�l�lU©ih�l��+hk�zlU©«qkvi£�©d�UvixA©IgijUq��i�zf�n���x2hko
�ëf�x�q�n�gih�x�lU�z�=jUf2gijUf��mf�oplUf��ahk�	söh�x�lUq�jUf��ä�=hkj � q}�ß�«f�x�yz�Uyzqko
gijmq§x2f��U�mf����¯�ße+���
	 ��h����mqßx�h����zf��[�i�poih�n�yzx��ëf��zyzfAs1oif�l�|&qkj �
�ße+�����öe	{�1ÿU�ße+���
	�� {rq�vilUyz�zyzf�j��¢e	f�h�o������(h�o � �Y��k�k��	A�
lU©«f1�¢f��ml�gëqk�zyzx��%n�yz£�©§l��ëf1yzn�gijmhkx�lmyzx�hk�plUq+jmf�gijUf2�Uf�opl��1�=qk�ml
q}sElU©ifäf��pyz�Ulmyzoi£@hk�z£kq�jUyzlU©in���hkjmfð�ih��Uf��ñq�o��	ÿ¯sövioix2lUyzqkoi�2�
�«qkjUn�hk��ifA ¢o«y�lmyzqkoi�D|1y��z�tsöqk�z�zq}|+���ivil�jUq�vi£k©«���	�Ugëf�h � yzoi£«��lm©if
�	ÿ¯sövioix2lUyzqkoi�1�«f�lUf�jmn�yzoif%lm©if%ªpvih���yzl���qts�f��pf�x�v«lUyzoi£=hkx�lmyzqkoi�
� »2ÁkÕÄ�¿ÀÃ�½kº ¼� ÜAÝÝ�Ý�Ô¢ô&Ç+ÆUÄ�¿À¼A¾2¸ßôr¹�¹�»}¼m¿À¾º¯¿À»�¸[ÉÊ»�Ä(ô]ÄUº¯¿�Þ§¼m¿À¾2Â]·ì¸kÖ
º�ÆmÂ�Â�¿ÀÃ�Æm¸p¼ÈÆ�ÐÊ×�×�×1à ¾�¾¾�¿Êà »�ÄUÃ}Ómà�ô�Â�ÂëÄ�¿ÀÃ2½kº�¹�ÄUÆA¹�ÆmÄUÏ�ÆAÌ«à

yzo�gih�jUlmy�x2vi�zhkj��mlUhklmf����rw¬f��kf�jmhk�ëf��pyz�UlUyzoi£¨hk�z£kq�jUyzlU©in���söq�jDsöhkxAÿ
lmqkjmf��ð�ße+���	jUf��z�=hkgig«jUq��pyzn�hklmyzoi£��	ÿ¯sövioix2lUyzqkoi�1lmq�jUf��«vix�f
lm©if%�my��2f%q}s�lU©if%jmf�gijmf��Uf�oplmhklUyzq�o�� lm©if%©iq�g¢f+yz�1lU©ih�l(lm©if��Uf
h�gigijmq��§yzn�hklUf��	ÿ¯sövioix�lmyzqkoi��|1yz�z�1yz£koiq�jUf=�Un�hk�z�1�iy��éf2jUf�oix2f��
h�n�q�oi£�lm©if��}hk�zvif��¨hk�U�mqpx�yzhklUf2�å|1yzlU©[hkx�lmyzqko! ��UlmhklUf�gihkyzjm�
lm©if�jmf��p��x�q�n�gijmf��U�my�o«£%lU©if	jUf�g«jUf��mf�oplUhklmyzqko=q}sJlm©if(jmf��Uvi�zlmy�o«£
gëqk�zyzx����J�¯silU©if2�Uf1�iy���f�jUf�o«x�f���h�jUf�yzoi�if2f����mn�h����lU©«frjmf��Uvi�zlmy�o«£
gëqk�zyzx����m©iqkvi�z�=�ëf%x��zqk�mfYlmq�qkgilmyzn�hk�¯�
�=q��Ul�q}s�lm©ifßx�vijmjUf�oplßh��z£kqkjmyzlU©in���h��U�Uv«n�f=hå�if2x�yz�Uyzqkopÿ

lmjUf�f	jUf�g«jUf��mf�oplUhklmyzqko�söqkj�gëqk�zyzx�yzf���"pyzoplUf�jmn�f��iyzh�lUf&oiqp�if���jmf�gpÿ
jmf��Uf2o§lîy�n�g¢q�jUlmhkopl�h��Ugëf�x�lm�!�Êq�j�söf�h�lUvijmf��
	�qts�lU©ifîx�vijUjmf�opl
�mlUh�lUfähko«�ó�zf�hts�oiqp�if��ß�«f�lUf�jmn�yzoif[|1©iyzxA©óh�x�lUyzqkoIlUqaf��pfAÿ
x2vilUf@£kyz��f�oólm©iqk�mfäsöf2hklUv«jUf��[hkjmfågijmf��Uf�opläyzoñlU©«fäx�vijUjmf�opl
�mlUh�lUf#�Ê{&qkv«lUyz�zy�f2j��§e	f�h�jU�if�oL���%$�qk�z�i�&�2n�yz�ilr��k��¥'	A�D�1©ifrjmfAÿ
�mvi�zlUyzoi£�x��zh��U�1q}s�g¢q��zy�x2y�f2�1hkjUf+�mhkyz��lmq��¢f)(�*,+'*,-/.'01+'2�3�|1©iyzxA©
yz��h����mqäyzoålU©«fßx��zhk�m��q}s#45-6(�*,.'2�37-/058�9;:59<058'9<05*�qkj>=?+'2&@�.'A
gëqk�zyzx�yzf��2���(qklmf}��©iq}|&f��kf2j��rlm©ihkl¨�§�[�zyzn�yzlUyzoi£�lm©if�söf2hklUv«jUf��
v«�Uf��dlmqåx�q�oi�iyzlUyzq�oåhkx2lUyzqkoi��hkoi�@lm©if�jUf2�§�@jmf��UlmjUyzx�lUyzoi£alU©if
�my6��f%q}s�lm©if+jUf��mvi�zlUyzoi£�gëqk�zyzx�yzf��2�i|rf+hk�z�mq�jUf��iv«x�f�q�vij1hk�«y��zyzl��
lmq��iyz�Ux�jmyzn�yzoihklmf1hkn�qkoi£+�Ulmhklmf����Bd©ihkl&lU©«y��1n�f�hko«�ryz�&lU©ih�l
lm©if�vioi�«f�jU�z�pyzoi£��i�poih�n�yzx��C�Ê|1©iyzxA©ðyz�	y�o[gih�jUl+�if�lmf�jUn�y�o«f��
�p��lm©if+hkx�lmy�q�oi�1�Uf2��f2x�lUf��îhkx�x�q�jU�iyzoi£ElUqElU©«fYh�£kf�oplED �&gëqk�zyzx��5	
�ëf�x�q�n�f��)05.�0GFH=?+'2&@�.'A<-/+�0p�#BdyzlU©iyzo=lU©«f��mgihkx�fEq}s&hk�z�Jgëqk�zy¡ÿ
x2y�f2�Ylm©ihkl	©ih}�kf¨lU©ifE�Uh�n�f+x�hkg«hk�iyz�zyzl���|1y�lm©ßjUf2�Ugëf�x�l%lmq��iyz��ÿ
x2jUyzn�yzoih�lUyzoi£Ehkn�q�oi£E�UlUh�lUf��2��lm©ifE�¢f��ml+g¢q���yzx��=n�h}��jUf�ªpviyzjUf
jmf�n�f2n��¢f�jmyzoi£	söf�hklmvijUf2��söjmqkn6gijUf��pyzqkv«�r�mlUhklmf����iy¯��f}�z�klm©if1qkgpÿ
lmyzn�hk��gëqk�zyzx��=n�h}���¢fE©iyz�Ulmqkjm�ß�if�gëf�oi�if2o§l2���1©iyz�Yq��i�Uf2jU�}h}ÿ
lmyzqko[y��¨lU©if�gijmyzn�hkjm�=n�qklmyz�}hklUyzq�o�söq�j%lU©if�|&qkj � �if��mx�jUyz�ëf��
yzo=lU©«y��1g«hkgëf�j��
�	oif	|rh}�%lmq%jUf2gijUf��mf�opl1lU©if	©iyz�UlmqkjU�Eyz��lUq%vi�mf(n�f�n�q�jU�+q}s

g«hk�UlD�UlmhklUf2���IBäfJx2qkvi�z�+q}six�q�vijU�mfrf�o«©ihkoix2f�lU©if]hk£kf2o§lED���hk�iyz�¡ÿ
yzl��[lUq=�iyz�Ux2jUyzn�yzoih�lUfEhkn�q�oi£��mlUh�lUf��E�p�ß©ih}�pyzoi£=y�l¨jUf�n�f�n�ÿ
�ëf�j]söf�h�lUvijmf���s¯jUqknCgijmf��pyzqkvi���mlUh�lUf��2�J�(q}|&f���f�j��plU©iyz���myzn�gi�z�
lmjUh�oi��söq�jUn���lU©if&gijUq��i�zf�nñyzoplUq1hko+f�ªpviyz�}h���f2o§lDgijUq��i�zf�nI|1y�lm©
h�o�f�oi�zhkjm£kf����Uf�l&q}sësöf�h�lUvijmf��1f��phkx2f�jU�ih�lUyzoi£%lm©if(x2vijU�mfYqtsJ�iy¡ÿ
n�f�oi�my�q�oihk�zyzl��=yzoålU©«f�gijmq§x2f��U�2�å�(oahk�zlUf�jmoihklmyz�kf�hkg«gijUq�hkxA©
lm©ihklS©ihk�@�ëf�f�o g«vijU�mvif�� yzoW�Uq����pyzoi£6gihkjmlUyzhk�z�z�Cqk�i�mf�jU��ÿ
h��i�zfß�ße+�����ö�I�+�ße+����	�y���lmqðv«�Uf= ¢o«y�lmfAÿ��UlUh�lUfßn�hkxA©iyzoif
�,��wi��	¨x�qkoplUjmqk�z�zf�jU��lmqßjUf2gijUf��mf�opl�gëqk�zyzx�yzf����/�(h�oi�Uf2oó�����'K�"
�æf�vi�zf�hkvL9M*N+PORQ¨���k���'	 � �1©«f�h��i�}hkoplUh�£kf+q}s�lm©iyz�(hkg«gijUq�hkxA©
yz�&lU©ih�lr�mvixA©�x�q�oplUjUq��z��f2jU�&x�hko7SAjUf2n�f�n��ëf�j&T�söf�hklmvijUf2�&söqkj�h�o
yzoi�«fA ¢oiyzlUfî��f2oi£klm©dq}s%lUyzn�f�|1yzlm©iqkvil�lm©ifßq}��f�jU©if2hk�dqts�jmfAÿ
n�f�n��ëf�jUyzoi£[hk�z�(qts%lU©ifßyzoplUf2jU�kf2oiyzoi£äsöf2hklUv«jUf��2� wpf2hkjUxA©Iyz�
x2hkjUjmyzf��@qkvilEyzoålU©«f��mgihkx2fßq}s(gëqk�zyzx�yzf��ElU©ih�l�©ih}�kf�hß ¢o«y�lmf



hkn�qkviopl�qts�n�f�n�q�jU���
��l%yz�%yzn�gëqkjmlUhkopl+lUqîoiqklmf�lU©«hkoäyzoäh!�zs¯vi�z���îqk�i�mf�jU�}h��i�zfM	

�ße+�D�klm©if(�mlUhklmf(x�q�oplUhkyzoi�&hk�z�iqtsélm©if(yzops¯qkjUn�hklmy�q�o%jUf2ª§v«y�jmf��
lUqîxÈ©«q§q��Uf�lm©if�q�gilUyzn�h��Jh�x�lUyzqkoL��~(ops¯qkjUlmvioih�lUf��z����lm©if�x�vijúÿ
jUf2o§l1�mlUh�lUf(n�h}�%oiq�lrf�o«x�qp�if+lU©iyz�&y�o¬söqkjmn�hklmyzqko%yzo�lU©«fYn�qk�ml
vi�mfAsövi�Dsöq�jUn8hko«�ß�if�x�qp�iyzoi£�lU©ifEyzopsöq�jUn�h�lUyzqko�n�h}��jmf�ªpviyzjUf
x�q�oi�Uyz�if�jmhk�i�zf+f���qkjml��r��o��Uq�n�f1�iq�n�hkyzoi�2�k©iq}|&f��kf2j��ilU©«f�jUf%yz�
yzopsöq�jUn�h�lUyzqko+h}�}h�y��zh��i�zf�yzoEgijUf2�§yzq�vi���Ulmhklmf��rlm©ihkl�yz��söh�j�n�qkjmf
vi�mfAsövi� � yzoßlU©ifE�Uf2oi�Uf�qtsrjUf�ªpviyzjmy�o«£��zf��U�+x�q�n�giv«lUhklmyzqkoih���fAsÊÿ
söq�jUl�lmqå�if2x�qp�if[söqkj�g«vijUgëqk�mf��ßq}sEhkx�lmy�q�od�Uf2��f2x�lUyzqko 	�lm©ihko
lU©«hkl�h}�}hkyz�zhk�i�zfDy�oElU©«frgijmf��Uf2o§l]�UlUh�lUf}�J�«qkjDf��phkn�gi�zf}�}y�o �(f�|
�rq�j � x�yzl���yzl�yz�rqtsölUf2o��«y ��x2vi�zl�lUqE�if�lmf�jUn�y�o«f(lU©«hkl&£kjUyz�i�zqpx �
©ih���qpx�x�v«jUjUf2���1y��E�zy � f��z�ßlmqðqpx�x�v«j��rq�j�yz�%�zy � f2���[lUqîg¢f�jm�Uyz�Ul
f���f�oßy¡s��kqkv=©ih}��f+hk�z�Jqts5lm©if%yzopsöq�jUn�hklUyzq�o�h}�}h�y��zh��i�zf(lUq�lm©if
e	f�gih�jUlUn�f�opl+q}s1��jmhkoi�mg¢q�jUlmhklUyzq�oä��jmh���x�u&qkoplUjmqk�ru&f2o§lmf�j�"
©iq}|&f��kf2j��ky¡s¢q�o%f�oplUf�jmyzoi£%lU©«frx�yzl��+hkjmqkvio«��®�� ���}ginI�kq�v%oiq�lUf
lU©«hkl&lUjUhP��x(h�lrlm©if#$+f�qkjm£kf Bähk�U©«y�o«£klUq�o�{rjmyz�i£kf	y��&�ih�x � f��
vig[l�|rq=n�y��zf��1h�l+lU©if�lmqk�z���¢qpqklm©i����hko«�ð��qkvî ¢oi�[�kqkv«jU�Uf2�Às
�Ulmyz���pyzo%lm©ifrx2y�l��¨hkjUq�vioi��¥��À�k�}g«nß����qkvijD�¢f2�Ul��ëf�l�yz��lmq(jmf��zh'�ë�
�iq=�Uq�n�f%�m©iqkg«giyzoi£i��©ih}��f��iyzoio«f�j%yzoßlU©«f�x�yzl��k��hko«�ð£�f�oif�júÿ
hk�z�z��h}�kq�yz���Ugëf�oi�iyzoi£��mf��kf�jmhk�Dsöjmvi�UlmjUhklmyzoi£�©«qkvijm�1sövin�yzoi£+y�o
�kq�vij+x�hkj+q�oßlU©if���jmy��ëqkjmqkvi£�©={rjmy��«£kf}�CBäf�|1yz�z�Jjmf�lUvijmoälUq
h�n�q�jUf&söq�jUn�hk�ëf��phkn�g«��f1yzo=h��zhklmf�jr�mf�x�lmy�q�o��
�1©if�jmf%hkjmf�jmf�x�f�opl+hk�z£kq�jUyzlU©«n��]söqkj1jmf�yzopsöqkjmx�f�n�f�opl(�zf�hkjmopÿ

yzoi£[lU©ih�l�hk�U�mvin�f=lm©ifßvi�mf�qts+ ¢oiyzlUfAÿ��Ulmhklmfßx�qkoplmjUqk�z�zf�jm�Esöqkj
jUf2gijUf��mf�oplUyzoi£8gëqk�zyzx�yzf�� �/�(h�oi�Uf2o���k��KG"��=f2vi�zf�hkv 9M*L+�ORQ
�����k��	A�J�1©if2�Uf&hk�z£kq�jUyzlU©in��ihkjmf�yzoplUf�oi�«f��%lUq1�mqk�z�kf&�I�+�ße+���
hko«�óoiq�opÿU�=hkj � q}�@�if�x�yz�my�q�oóg«jUqk�«��f2n���� Bäfðh�jU£�vifðlm©ihkl2�
hk�	�if��mx�jUyz�ëf��ðyzo=lU©«f�gijmf��pyzqkvi�	gihkjmhk£kjmhkgi©«���¢lm©if%gëqk�zyzx���|&f
�Uf2hkjUxA©Esöq�j��U©iq�vi�z���ëf1©iyz�UlmqkjU�E�if�gëf�oi�«f�oplry¡s¢lm©if1gijUq��i�zf�nyz�
£kyz��f�o�h��rh�o��ße+�ä|1yzlm©�hE�kf�jm����h�jU£�f(�UlmhklmfY�mgihkx2fYh�oi��lm©if
�Ug«hkx�f�qtsrlU©if�gëqk�zyzx�yzf��+�if�lmf�jUn�yzoif��ß�p�ßlm©if�hk£�f�opl�D��(h��iyz��yzl��
lUq	�iyz�Ux�jmyzn�yzoihklmf�hkn�q�oi£&�UlUh�lUf��]�iqpf���oiqklDx�q}�kf�j�lm©if�qkg«lUyzn�h��
n�f2n�qkjm�p��f2�U��gëqk�zyzx����
��o@lU©iyz��g«hkgëf�j��(|&fßh��iqkgil�lm©if[hkgigijmqkh�xÈ©@qts��mf�hkjmxA©iyzoi£

�iyzjUf2x�lU�z�dyzodlm©ifä�Ugih�x�fäq}sEg¢q���yzx�yzf��?�öwpyzoi£�©����khkh �p� qk�zh«� �
�kq�jU�ih�oó��k�}¦G	+hk�¨qkgigëqk�mf��@lUqß�mf�hkjmxÈ©«y�o«£ðyzoälU©«f��mgihkx2f�q}s
�}hk�zvifEs¯vioix�lmy�q�oi���� ëoi�iyzoi£ßlm©if�q�gilUyzn�h����}hk�zvifEsövio«x�lUyzqkoaqkj
h=£kqpqp�ðh�gigijmq��§yzn�hklUyzq�o�lU©«f�jUf�qtsYh�oi�ðx2qkoi�mlUjUv«x�lUyzoi£ßh=gëqk�¡ÿ
yzx��asöjUq�n lm©iyz���}h���v«f�s¯vioix�lmy�q�o�� �Dyzoi�iyzoi£älm©ifß�ëf��Ul���wi�
gëqk�zyzx��=y��	h�©ih�jU�ßg«jUqk�«��f2n8hkoi�ß|&f%�my��«f��mlUf�g[�Uq�n�f+q}srlm©if
x�q�n�givilmhklmy�q�oihk���«y ��x2vi�zlUyzf��(�p�=vi�my�o«£�h��mlUqpxA©ihk�mlUyzx�£kjmf�f��i�
�Uf2hkjUxA©ßh��z£kqkjmyzlU©in � hk�z�Uq�h��ihkg«lUf���söjmqkn |&qkj � yzo=jUf�yzopsöq�jUx�f ÿ
n�f2o§l1�zf�h�jUoiyzoi£�� {rh�yzjU���C�=qpqkjmf������k��	&	&lUq� ¢oi�ßh��zqpx�h����z�
qkg«lUyzn�h��p ¢oiyzlUf+�mlUhklmf%x�q�o§lmjUq����zf�j2�
�1©if&y�o«�UgiyzjUh�lUyzqko¨söq�j�q�vij�hkgig«jUqkh�xA©�x�h�n�f]söjUq�nñlU©if1|&qkj �

q}sJ�=f�v«��f2hkv�f�l&hk�¯� �m���k���'	DlU©«hkl�jmf��UlmjUyzx�lUf2��h�lUlmf�oplUyzqkoElUq%lm©if
�Ug«hkx�f�q}s& ¢oiyzlUfAÿ��Ulmhklmf�x�qkoplUjmqk�z�zf�jU�¨hkoi�äh�gigi�zyzf��ðlm©if��J�+��w
söh�n�yz�z��q}s1hk�z£kq�jUyzlU©in�� � {rh�yzjU�!� �=qpq�jUfß�����k��	1lUq=�mf�hkjmxÈ©¬ÿ
yzoi£%yzo�lU©«fY�mgihkx2f(q}s��UvixA©�g¢q���yzx�yzf��2�J�	vijrx2qkoplUjmy��«vilUyzqko�yz�&lUq
�U©«q}|ólm©ihkl	lU©if%�mhkn�f(�ih��Uyzx%yz�if�h��1x�hko=�ëf%hkgig«��yzf��=lmq��Uqk�z��ÿ
yzoi£¨söhkx�lmqkjmf��ß�ße+���1|1yzlU©���f�jU���zhkjU£�f(�mlUhklmf+�Ugih�x�f����1�1©if2jUf
yz��oiqklm©iyzoi£äyzo@gijUyzoix�yzgi�zfßg«jUf���f�oplUyzoi£ävi��söjUq�n x�q�n��iyzoiyzoi£
qkv«j(|&qkj � |1yzlU©îlU©ih�lYqtsr�=f�vi�zf�h�vðf�l+h��ö�ëlUq��Uqk�z��f+söhkx2lUqkjmf��
�I�+�ße+���1yzo�|1©iyzxA©�h%�«qkn�h�yzo�n�q§�«f��iyz�r�mvigigi�zyzf�������o�lU©iyz�
|&qkj � �}|&fr�mf�f1lU©if&h}�}hkyz�zhk�«y��¡yzl��rqts¢h1söh�x�lUq�jUf��E�iq�n�hkyzo	n�qp�if��
hk�1h�o=y�n�g¢q�jUlmhkopl�hk�«�}hkoplUh�£kf(lmq��¢f+f��pgi�zq�y�lmf����
�1©if@gihkgëf�jay��äq�jU£�hkoiy6��f��Ch��[söqk�z�zq}|1����Bäf@�ëf�£kyzoC�p�

söq�jUn�h��zy��2y�o«£ä�UlUqpxA©ih��UlUyzxagi�zhkoioiyzoi£agijUq��i�zf�n��=h��=söhkx2lUqkjmf��

1.0

0.0

1.00.1

1.0 0.0 1.0 0.0

Rt

Pr Rt+1 Rt( )

U t

Pr U t+1 U t( )

W t

Rt

U t

Pr W t+1 Rt,U t,W t( )R R

U U

W W

HC

WC WC

HC

t t 1+
1.0 0.9

HCt

Pr HCt+1 HCt( )

1.0 0.0

WCt

Pr WCt+1 WCt( )

�Dyz£kv«jUfå��� u&q�n�gih�x�lEjUf�gijmf��Uf2o§lmhklmy�q�oóqts%håjUq��¢q�l�h�x�lUyzqkoL�
	�
����������
�
 �

WC

HC W

4 1 0 2

1 0

1 10 0

�Dyz£kv«jUf����%u&qkn�g«hkx�l1jmf�gijUf2�Uf�oplUh�lUyzqkoaq}srlm©ifEjUf�|&hkjm�[sövioixAÿ
lmyzqko�söqkj&lU©«f%lUq}��jmqk�ëqkl1gijmqk�i�zf�nî�

�îeY�5���IBäf&�ifA ¢oif	lU©if	x��zhk�m��q}s ��wi�Wg¢q��zy�x2y�f2��lU©ih�l�x�q�oi�UlmyÀÿ
lmvilUf2�Ylm©if+�Ugih�x�fEq}s�gëqk�m�Uyz�i�zf%�mqk�zvilUyzq�oi�rlmq�lU©if¨£kyz�kf�o=gijmqk�pÿ
�zf�nî�JBäf+lU©«f�oß�if��mx�jUyz�ëf�h��zqpx�h��J£kjmf�f��i�=�mf�hkjmxÈ©[hk�z£�qkjUyzlm©in
h�oi�Ey�op��f��Ulmy�£�hklmfryzlU��gëf�j�s¯qkjUn�hkoix2fr�p�%�mvin�n�hkjUy6��yzoi£&f��pgëf�jUy¡ÿ
n�f�oplUh��§jmf��Uv«��lm��qkoEf��phkn�gi�zf��Jqtsé�mlUqpxA©ihk�mlUyzx1gi�zhko«oiyzoi£(gijmqk�pÿ
�zf�n����

�1^��ëüi\�ýëHJþ8��c��î_
��o¨lU©iyz�Jg«hkgëf�j��}|&f�x�qko«�Uyz�if�jDsöh�x�lUq�jUf����îeY�5�Jhk�Dyzoigivil�gijmqk�pÿ
�zf�n��=lU©ih�lß£kf�o«f�jUh���y6��faqkoñgijmqkgëqk�my�lmyzqkoih���w¬�(�1�U��wIgijmqk�pÿ
�zf�n������1©if@söh�x�lUq�jUf�� �ße+��x�h�oQ�ëfdjmf�gijUf2�Uf�oplUf2� h��äh
£�jUh�gi©iyzx�hk�+n�q§�«f��¯� �	oófE�§h�n�gi�zf=yz���m©iq}|1odyzo��Dyz£kvijmfõ�t�
|1©«y�xA©I�if��mx�jUyz�ëf��ßh@lUq}�@jUq��¢q�l�gi�zh�oioiyzoi£åg«jUqk�«��f2nß�C�1©if
q}�}h��z��jUf2gijUf��mf�opl����G9<05* (òyzoIlU©ifä�«qkn�h�yzo�� ��oólm©iyz�=x�hk�mf}�
���� !�#"��%$'&��#"(&@hkjmf(�iyzoih�jU���}hkjmyzhk�i�zf���jmf�gijmf��Uf�oplmy�o«£i�¢jmfAÿ
�mg¢f2x�lUyz�kf2�����rlm©if�|&f�h�lU©if�jEqkv«lU�Uyz�if��¢f2y�o«£ðjmhkyzop�k��lU©if�jUq��¢q�l
©«h}�§yzoi£@h�oóvin��«jUf��z�zhi�(lm©ifäjUq��¢q�lß�ëf�yzoi£@|rf�l2��lm©ifäjUq��¢q�l
©«qk�z�iyzoi£(x2q���f�f}�phkoi�ElU©if&jUq��¢q�l�D����¢q��U��|&hkoplUyzoi£	x�q���f�f}�&�1©if
x2qkoioif2x�lUyzqko«�Y�ëf�l�|&f�f�o[lU©if*)¢vif�oplU�	hkl1lmy�n�f(�mlUf�g,+.-I�+h�oi�
+1�if�lmf�jUn�yzoif+lU©if%�«�§o«hkn�yzx��2���1©«f%x�qko«�iyzlUyzqkoih���gijUq��ihk�«y��zyzl��
�«y��mlUjmy��«vilUyzqko+£�q}�kf�jmoiyzoi£1�UlmhklUf&lUjmhkoi�myzlUyzqkoi��yz�DjUf�gijmf��Uf2o§lmf���yzo
lmf�jUn��+q}s1h��mf�l%qts x�q�oi�iyzlUyzq�oihk��gijmqk�ih��iyz��yzl��=�iyz�UlmjUyz�ivilmyzqkoi�2�
q�oif	söqkj1f2hkxA©/)¢vif2o§l2�¢�m©iq}|1o=hk�1hElUjUf2f�yzo�lm©if%jmy�£�©plr�my��«f%q}s
lm©if#�Dy�£�vijUf��t���1©if+gijmqp�ivix�l	q}s�lm©if��mfY�«y��mlUjmy��«vilUyzqko«�1�if�lUf2j�ÿ
n�yzoif��&lU©if%�mlUh�lUfAÿ�lUqtÿ �mlUhklmf>*,2&+'0�( - *H-/.�0C: 2 .10�+10<-6O6-/*/332��G0�4<*H- .'0p�
w¬y�o«x�f�lU©if��«�§o«hkn�yzx��	q}s1lU©if��mlUh�lUf��mgihkx2f��if�gëf�oi�i�Eqko[lU©if
h�x�lUyzq�o��}|rf��mg¢f2x�y¡sö�+h(£kjmhkgi©+jmf�gijUf2�Uf�oplUyzoi£¨lU©if��«�§o«hkn�yzx��«söq�j
f2hkxA©�h�x�lUyzq�o��J�1©if] ¢£kv«jUf��m©iq}|1��lU©if�£�jUh�gi©+söq�jJqko«f�gihkjmlUyzx�vpÿ
�zh�j�hkx�lmyzqko�� 	�
����������
�
 ����q%x�q�n�gi�zf�lmfrlm©if(�mg¢f2x�y¡ ¢x�hklmyzqko��
lm©if�jUf2|rh�jU�îsövioix�lmyzqkoßyz�+hk�z�Uq�gijUq}�pyz�if��[yzoßh=�if�x�yz�my�q�oðlmjUf�f
s¯qkjUn�hkl2�J��o>�Dy�£�vijUf+�p�p|rf	�U©iq}|@h�o�f��phkn�g«��f&q}sJlm©if(jmf�|&hkjU�
s¯vioix�lmy�q�o=hk�U�mqpx�yzhklUf2��|1yzlm©�lm©if%lmq}��jUqk�ëqkl1g«jUqk�«��f2nß�



���������¯³	��
��������µ¢¶t³	
ë´�������������� 2�+14<*H.�2&9�8 =���� "! �$#% �'&��'(!���%�)-6(#8'9�)I059�8�+�(
* #% ! + %-,#�	././.��'%�021!-6(%*6459 ( 9<*?. 2��!�G9M05* (�*645+�*78'9EF)I059E( *6459?(�*,+'*,97(,:5+14�9 Q43 9 ��(�9!*6459?O�.�5I9<2 4�+�(�9?O�9<*,*H9<2#6 !7+ 6 ,��/.	./. � 6 0�1 *,.�8'9<05.'*,9>+ :5+'2�*,- 4#��O�+'2 -/0G(�*H+�05*,-/+'*,-/.'0
. 2�*6459!���G9<05*/(MQ* & -6(#*�419#(�9<*J. 2#+14<*,-/.'0G(MQ* ( -R( *6459 (�9M*!4�.'058�-/*,-/.'05+PO5: 2&.10�+ 0M-6O6-/* 3 8�-6(�*H2�- 0 �G*,-/.'0G(�8I.'019
2�.'2�9�+14�4�+ 4M*,-/.�0:9

(#� #6�; ��< � #6=;?> ,&	@!
0A
BDC ,FE � 6 BDG ;?> ,IH gih5� 6 BDG ;?> ,
	 �'<5	5 459<2&9@g«h �D% BDG ;?> , 	 8'9<05.'*,9E(�*�419�(�9<*!. 2L:�+�2&9<05*!A<+'2�-RF

+10EO�9E( . 2�% BDG ;?> , -/0 *6459KJ'2 +�:545- 4�+�OMLC.M8�9�O/QON#.�*H9L*�41+'*PRQ �Ègih5�S% BDG ;?> ,�	UT � %-, G ; �/.	./.���%V0 G ; �5Q* � � #%XW"Y -6()*�419>2&9/5I+�2&8�2��G0�4<*H-/.�0 QZ3>-/*645. � * O�.P(
(). 2J'9<059<2&+PO�-/* 3�8[5I9)8�9?)I019>*6459)2&9/5I+�2&8>*,./0�9>8'9<*,9M2\LC-/059�8 0�3
0�.'*64�(�*H+�*H9 +'058�+14<*,-/.'0�� � � #%^]�&_W`YN	<Q a
Bäf��ifA ëoif#+'0)9�b�: O�- 4<-/* 2&+'018'.cLC-ed<9�8 45-R( *,.'2 3�F&-/058'9 :59M058�9M01*

:5.�O�- 4�3$f=hk�&h+sövio«x�lUyzqko�söjUq�n #%g]�&ólmqh+������i1 ����o�|rq�jU�i�2�:f
�ifA ëoif���h1gijUq��ihk�«y��zyzl��1�iyz�UlmjUyz�ivilmyzqko+q}�kf�jDhkx�lmyzqkoi�D£kyz�kf�o+lm©ihkl
lU©«f��U�p�Ulmf�nyz��yzo+h(�mg¢f�x2yÀ ëxr�mlUhklmf}� �(qklmfrlm©ihkl�lm©if&�Uy6��f�qts¬lm©if
lUh��i�zf�söq�j��UlUq�jUyzoi£	lU©if&gijUq��ihk�«y��zyzl��1�iyz�UlmjUyz�ivilmyzqko+yz�Jf��pgëqkoif�o¬ÿ
lUyzh��Jyzo=lU©if%opvin��ëf�j1qts )ëvif�oplU�C�Ê©if�o«x�f�lm©ifElUf�jmn 9'b : O6- 4M- *&	A�j���f�jU�%�«hkx�lmqkjUf2� �îeY�6yz��hk�m�Uqpx�yzhklmf��d|1yzlU©@h�oõq��ckAf�x�lmyz�kf
sövio«x�lUyzqkoL� ��oSlU©iyz��g«hkgëf�j��(|&fßjmf��UlmjUyzx�lßq�vij�hklmlUf�oplUyzq�odlUq
qko«f�g«hkjUlmyzx�vi�zhkj�q��ckAf�x�lmy���f�sövioix�lmyzqko���-/0\)I05- *H9�45.�2�-ed<.'0%9�bPF
:59%4<*,9
8�4#�2L ��O6+'*,-/AM9�8�-6(�4
. �G05*H9�8 2&9/5I+'2 8%|1yzlU©��iyz�mx�qkviopl&jUh�lUf
�mlon�lñ�}����q(x�q�n�gih�jUf�lm©if&ª§v«hk�zyzl��(q}sëg¢q���yzx�yzf��2�k|&fr�if  ¢oif
lU©«f(s¯qk�z�zq}|1y�o«£+sövioix2lUyzqkoi�2����������¯³	��
���p��rq+µ�s?t����ut���¶}³/�?
v��²(µ=��� �xwi�ytz��¶t³	��
:��²{�| 459 AM+PO �G9�2��G0�4<*H- .'0 . 2�*6459�9�b�: O�- 4<-/*N45-R( *,.'2 3�F&-/058'9 :59M058�9M01*
:5.�O�- 4�3Vf -6(�8'9�)I059�8�+�(
}�~ � #6 	�!_����f � #6 ��<�	�� ��� #6 ��<�	�-�n��v����

(#� #6 ��< � #6=� 	�}M~ � #6=� 	���.
| 459��CF 2��G0�4<*,-/.'0�. 2#*6459 :�.PO�- 4E3�f -R( 8�9?) 059�8 +P(

�M~ � #6 ��<5	z! ��� #6 ��<5	�-Kn � �� �
(#� #6 ��< � #6=� 	�}M~ � #6=� 	�. a

��oä|&qkjU�«����} ~ � #6 	¨�if�o«qklUf2��lm©if�f��pgëf�x�lmhklUyzq�oõqts lmqklmhk�&�iyz��ÿ
x�q�vioplUf���jmf�|rh�jU�ElU©ijmqkvi£�©iqkv«l�lm©if]sövilUv«jUf&�UlUh�jUlmy�o«£(s¯jUqknñlm©if
�Ulmhklmf #6 hkoi�+s¯qk�z�zq}|1y�o«£1lU©if1gëqk�zyzx��MfD� � ~ � #6 ��<5	D�if�oiq�lUf���lm©iff��pgëf�x�lUh�lUyzqko[q}s�lmqklUh��J�iyz�mx�qkvioplmf��ßjUf2|rh�jU�ßlm©ijUq�vi£k©iq�vil(lm©if
sövilmvijUf&�UlmhkjmlUyzoi£	söjUq�nólm©if&�UlUh�lUf #6 ��f��pf�x�vilmy�o«£Yh�x�lUyzq�oM<ë�khkoi�lU©«f�o=söq����zq}|1yzoi£+lU©«fYgëqk�zyzx���fD�
�1©if�q�gilUyzn�h���jmhkoi�«qkn�y6��f2�(f��pgi�zyzx�yzl�©iyz�UlmqkjU��ÿ�yzoi�if�gëf�oi�if2o§l

gëqk�zyzx��-fu�+yz�1�ifA ¢o«f��ßhk�f � !dh�jU£�n�h'�~ } ~ .
�«qkj�lm©if+�Uh � f(qtsJ�Uyzn�gi�zyzx�yzl�����|&f(�«f�oiqklmf(lm©if+�}hk�zvif&sövio«x�lUyzqko
söq�j1lU©if%q�gilUyzn�hk�igëqk�zyzx��hf � hk��} � h�oi�=x�hk�z��yzl1lU©if .�: *,-DLC+�O
A<+�O �G9!2��G0�4<*H-/.�0p�

Bäf1oiq}|Shk� � q�vijU�mf��z�kf��1|1©«f�lU©if2j1lU©if�jmf+f��py��mlU�1h)45-6(�*,.'2�3�F
8�9;:59<058'9<05* :�.PO�- 4E3K�f[�mvixA©ðlm©ihkl�}$�~�� } � �(��o[lU©«f%x�hk�mf�q}s
9�b : O�- 4M-/*1:5.�O6- 4M- 9�(A�klm©if1hkoi�m|rf2jryz� SAoiq�T+�ivif(lmq+lU©ifFsöqk�z�zq}|1yzoi£
lm©if�q�jUf�nî�
���z�2
ë´��2����\��³´}µ�t�¶/���Uµ�s�²�
����o��t�³/�p´��äµ��_����v�=���/�	�

n�h���~����� �¡ } �~�!*n�h��~��I��¢u¡ }£~5 459<2&9M¤x¥u¦ +'058�¤�§�¦�2 9;: 2&9E(�9M05*N*6459 (�9M* . 2)9�b�: O�- 4<-/*N2&+�0GF
8�.cLC-ed<9�8 41-6(�*H.�2�3�F&8'9 :59M058�9M01* :�.PO�- 4<-/9E( +�058 *�419?(�9M*C. 2?9'bPF
: O�- 4<-/*#2 +'058�.cLC-ed<9�8�45-R( *,.'2 3�F&-/058'9 :59M058�9M01*N:5.�O6- 4M- 9�(�8)2&9E(H:59 4�F
*,-/A<9�O�3 Q

a
�ñgëqkgiv«��h�jr|&h}��lUq��«f�hk��|1yzlU©=lm©if+f��pgi�zqk�Uyzq�o�yzo=lU©if+�Uy6��f

qts%lU©ifßjmf�gijmf��Uf�oplmhklUyzq�oóqtsmfSyz��lUq%+/J	J�2&9¨J�+'*,9ðlm©ifßh�lUqkn�yzx
�mlUh�lUf��&lU©ih�l�©ih}�kf&�Uh�n�fx} ~ � #6 	A�J�FsölUf2o��§lm©iyz��y���oiq�l�f�oiqkv«£k©��
�mq�|&f(£�q+sövijmlU©if2jrh�oi��hk£�£kjUf2£khklmf(lm©if(�mlUhklmf��1lU©«hkl�©ih}��f�+ : F
: 2&./b'-DLC+'*,9EO 3#(�+cLC9+�}hk�zvif1v«o§lmyz�ilU©if	�Uy6��f	q}sJlU©«f(jUf2gijUf��mf�oplUhtÿ
lmyzqko=�¢f2x�qkn�f��(lmjUhkx2lUhk�«��ft�(~(ops¯qkjUlmvioih�lUf��z���ilU©iyz�(�«jUf�h � �	lU©if
h��¢q}��f%lU©«f�qkjmf�nß�(��l	yz�(f�h��U�=lUq�qk�i�mf�jU��f�lm©ihkl	�§���iqkyzoi£��mqi�
lm©if�gijmqk�i�zf�nI�ëf�x�qkn�f��Jh(� �Y�îeY�D��1©iyz�ckAvi�mlUy¡ ¢f��Dqkvij�x��zh�y�n
lm©ihkl]|rf&�U©iq�vi�z���Uf�h�jUxA©�yzo�lm©if1�Ug«hkx�f	q}s¢©iyz�mlUqkjm��ÿ �if2g¢f�o«�if�opl
gëqk�zyzx�yzf��	y�o«�UlUf2hk�ßqtsr©iyz�UlmqkjU��ÿ�yzoi�if�gëf�oi�if2o§l+gëqk�zyzx�yzf����	��oßlU©if
o«f��plJ�Uf2x�lUyzqkoL�k|rf5söqkjmn�hk�z�z���if2jUyz�kf�h1�mg¢f2x�yzhk�px�hk�mfryzo+|1©iyzxA©+h
©«y��mlUq�jU��ÿ �«f�g¢f2oi�if�opl+g¢q��zy�x2��jUf��mvi�zlU�1yzo=hko�fE�§gëqko«f�oplUyzhk���mh}�kÿ
yzoi£Eyzo=�Uy6��f%x�q�n�gih�jUf���lUqEh�©iyz�UlmqkjU��ÿ�yzoi�if�gëf�oi�if2o§l	g¢q��zy�x2�k�

�ERUOFR�ü¬H ��\���RU�v©Oª@ý¢^�«(Z(_¬{ \�O(þFR�ü§RU\]O(^D� �=�U^�O	_�®
�S�if�lUf2jUn�yzoiyz�mlUyzx1g¢q��zy�x2�%£kjmhkgi©¨söqkj]hY£�yz�kf�o>�«hkx�lmqkjmf����ße+�
yz��h+�iyzjmf�x�lUf2��£�jUh�gi© �S¯3��° 	�|1©if2jUf(f2hkxA©���f�jUlmf��²±²³�¯äy��]��htÿ
�ëf��zf��%|1yzlm©Yh�o+hkx�lmy�q�o�<-³�&%�}hko«�Yf2hkxA©%hkjmx@´M³�°�yz���zhk�ëf��zf��
|1yzlm©ä�Uqkn�f��¢qpq���f2hko[sövio«x�lUyzqko�µ�¶P� #6 	A�ß�(�z�mq=söqkj¨f�hkxA©å��f�j�ÿlmf��ë�§lm©if�jmf1y���q�oifrh�oi�Eqkoi�z�+qkoif&qkv«lU£kq�yzoi£(h�jUx&lU©ih�l��mhklmy��ú ¢f��
lm©if�h��U�mq§x2y�h�lUf��a�¢qpq���f2hko[sövio«x�lUyzqkoL��Bd©if�oälm©if�x�q�oplUjUq��z��f2j
yz�1h�l(h�x�f�jmlUh�y�oî�kf�jmlUf��ë��yzl1f��pf�x�vilmf��+lU©if%h�x�lUyzq�o�h��U�mq§x2y�h�lUf��
|1yzlm©ßlU©if���f�jUlmf��ë���1©iyz�	y�n�gi�zyzf��1h��mlUhklmf�lmjUh�oi�UyzlUyzq�oßyzoßlU©if
v«oi�if�jm���pyzoi£��ße+�D�i~	g¢q�oßqk�i�mf�jU�pyzoi£�lm©if%oif�|ñ�mlUh�lUf #6 �ilU©ifx2qkoplUjmqk�z�zf�j�lUh � f���lm©ifßhkg«gijUq�gijUyzhklmf=qkvilm£kqkyzoi£îhkjUx=h�oi�@hkj�ÿ
jmyz�kf��1h�l1lU©if%�«f��Ulmy�o«hklUyzq�o��kf2jUlUfE�¢�
��oalU©iyz�%gih�g¢f2j��r|&f�s¯q§x2vi��q�oå�mlUqpxA©ihk�mlUyzx=g¢q���yzx��[£kjmhkgi©«�

yzoä|1©iyzxA©[lU©if�hkx�lmy�q�oðxA©iq�yzx�f��Ehkoi�[�kf�jmlUf��älmjUh�oi�UyzlUyzq�oi�%hkjmf
g«jUqk�«hk�iyz�zyz�UlUyzx}���ivijmlU©if2j���|rf�h��U�Uv«n�f�lU©«hkl+hk�z��lm©if��zhk�ëf��zf��
�ëqpqk�zf�h�o=sövioix2lUyzqkoi�	lUh � fEqkoi�z��q�oifEq}s�lU©if$·,)¢vif2o§lm�+hk�+yzopÿ
g«vil��
�����@���ö³/�?
v�K¸��'¹���µi´�º���³	
J¶/��µ¢²2³/� ¶��x
:s�� ¶{º�»�´}µ�¼��5²{�� �G05+�2�3 (�*H.#4�45+�(�*,- 4�:�.PO�- 4E3½J�2&+ :�4 -6( 8�9?)I019
8 0�3 *6459
2E.�O/O6.c5I-/0�J :�+�2&+�L�9<*H9<2�(MQ
* ¯�-R( *6459 (�9M*. 2�A<9M2E*H- 4�9E(#-/0�*6459�J�2&+ :�4 Q
* °%-6(#*6459 (�9M*I. 2#8'- 2&9 4M*,9�8)9�8	J�9�(�- 0�*�419£J�2&+ :�4 Q
*�¾ ��±���<5	J-R(J*�419 : 2 .10�+10<-6O�- */3N. 2!4
41.M.P(�-/0cJ#+ 4M*,-/.�0�<)-/0CAM9<2�*,9'b±�³�¯£9

¾ �?±��'<5	@! E �S& ; !¿<yH ¯ ; !�±�	
2�.�2�+�O/O *,-DLC9#(�*,9;: (�+ Q



…
…

X1,t+1

Xn,t+1

I t+1

V t+1

…
…

X1,t

Xn,t

I t

V t

At

X i,t

…
…

…
…

�Dyz£kvijmf ®�� ��o�)¢vif2oix�fñ�iyzhk£�jUh�n/yz�z�zvi�UlmjUhklmyzoi£ñlU©ifIgëqk�zyzx��
£kjmhkgi©=x�q�vigi�zf��=|1yzlU©�h>�ih�x�lUq�jUf��ß�ße+�D�

*�� �&�?±�� Q 	 � 6 B � ��± � � Q � 	&	 -6(�*�419��E.'-/05* : 2&.10�+ 0M-6O6-/* 3�. 2�L�.�AM-/0�J
2�2&.�L AM9<2�*,9'b�± ³�¯ +'058 2�.#4 ��(�-/0cJ?.'0L*�419 �!�G9M05*U% B *H.AM9<2�*,9'b�± � ³_¯ +�058�2�.#4 ��(�-/0cJ7.�0 *�419��!�G9M01*�% B � 8#+ 2�*,9M2.10E(�9M2�A<-/0cJ 6 B ³h% B 9� � �?±�� Q 	 � 6 B ���?± � � Q � 	&	! E �D¯ ;?> , ! ± � ��� ;?> , ! Q � H ¯ ; !Z±���� ; ! Q ��% B G ;�> , ! 6 B 	2�.'2�+PO/O *H-SL�9 (�*H9 : (!+ Q*����	� � Q 	�-6( *6459 : 2 .10�+10<-6O6-/*/3?8'-6(�*,2�- 0#� *,-/.�0 2�.�2 2�.#4 ��(�-/0cJ .'0
*�419 �!� 9<05*�% B +�*J*,-DLC9#(�*,9;:�
GQ���	� � Q 	@! E ���� ! Q 	*����	� � Q � 6 B �\±'	 -6( *6459 : 2 .10�+10<-6O�- */3)8'-6(�*,2�- 0#�G*H-/.�0�2�.�2 *6459C-/05-RF*H- +�O A<9M2E*H9�b�±� 4�.�058'-/*,-/.�059�8).'0>*6459 9MA<9M01* *645+�* *�419#-/05-/*,-/+PO
2�.#4 ��(#-6( .�0�*6459!���G9<05*�% B +'018 - */(�AM+PO �G9�-R( 6 B 9���	� � Q � 6 B �\±'	@! E �D¯��!�±:H ���! Q ��% B G �! 6 B 	 a
�Dy�£�vijUf%®E�m©iq}|1�(lm©if%�iyzhk£�jUh�n q}s�lU©«f%g¢q��zy�x2��£kjUh�gi©��1�(�z�

lU©«f(�iq�lUlUf2���zyzo � ��jmf�gijUf2�Uf�opl(lm©if+gihkjmhkn�f�lUf�jm�rqtsJlU©if	g¢q��zy�x2�k�
�1©if�jmf=y��Ehßjmhkoi£�f�q}s(gëqk�m�Uyz�i�zf��mlUjmvix�lUv«jUf���söqkjElU©if�g¢q��zy�x2�k�
Bäf1x�h�o�n�h � f�lU©«f(gëqk�zyzx��>2&9�+ 4M*,-/A<9(yzoElU©if	�Uf�oi�mf(lm©ihkl�lm©if�jmf
yz��oiq(n�f�n�q�jU�(h��U�mq§x2y�h�lUf��E|1yzlU©ElU©if] ¢oiyzlmfAÿ �mlUh�lUf1x�q�o§lmjUq����zf�j2�Q ; yz��  �§f2��x�q�oi�Ulmhkoplrh��z�ilU©if	lUyzn�ft��h�oi��lU©«f(�iyz�UlmjUyz�ivilmyzqko�qko< ; y��]�if�lUf2jUn�yzoif2���§� 6 B G ; qkoi�z��� ���+¤éÿ l��pgëf(gëqk�zyzx�yzf�� �/BSy�f2j�ÿyzoi£��ñwpxA©in�yz�i©pvi�¢f2j(�������'	 �§lm©ihkl&x�q�oi�Uyz�Ul&q}sJh¨�Uf�ªpvif�o«x�f%q}s
jUf2hkx�lmy���f+g¢q���yzx�yzf��2�§x2hko=�¢f+n�q§�«f��zf���hk�&|rf2���¯�p�p��©ih}�py�o«£hH ¯£H
hk�+�zhkjm£kfEhk�+lU©«f�opvin��ëf�j+q}srjmf�hkx2lUyz�kf�gëqk�zyzx�yzf��+hkoi�[hk�m�Uqpx�y¡ÿ
hklmyzoi£%£kq�hk�ë�UlmhklUf+h�oi��)¢v«f�oplryzoi�ifE��|1y�lm©�lm©if+�kf�jmlUf���y�o�lm©if
gëqk�zyzx���£kjmhkgi©��
�(q}|I|rf¨n�yz£k©pl&hk� � |1©ihkl � y�o«��qts���f2�kf�jmhk£kf¨|rf%x2hkoß£�f�l

�p��vi�myzoi£�lm©iyz� � yzoi�îq}s�©iyz�UlmqkjU��ÿ��if�gëf�oi�if2o§l+gëqk�zyzx�yzf����äu&q�opÿ
�Uyz�if2j�h%�Uyzn�gi�zf�gijUq��i�zf�n£�yz�kf�oEhk��h#�«hkx�lmqkjmf����ße+�[�U©iq}|1o
yzo>�Dy�£�vijUf1¦+h�oi�>�Dy�£�vijUf(¥¬���1©«f(lUh�� � ©if�jmf(yz��lUq¨�if�lUf2jUn�yzoif
|1©if�lm©if�j&lU©if1n�h	kAq�jUyzl��(qts¢�iyzlU��yzo%h+jmhkoi�iq�n ·«ÿ��iyzl��kf�x�lmqkj�yz�
�Uf2l%qkj	oiqkl2���1©if)�ih�x�lUq�jUf��ä�ße+�SjUf�gijmf��Uf2o§lmhklmy�q�oäyz�Yx2qkn�ÿ
gëqk�Uf2��·�-å�E�}h�jUyzhk�i�zf��2�¢|1©if2jUfM% , �/./.	. �'% 0 jmf�gijmf��Uf�opl%lm©if·«ÿ��iyzlY��f�x�lmqkj����8jUf�g«jUf��mf�oplU��lm©if�+'0�(i5 9M2�lUqßlm©if�g«jUqk�«��f2n
�Ê��f��(q�jro«q 	A�ëhkoi���ñjmf�gijUf2�Uf�oplU�+lm©if�:�41+�(�9%qts�lU©if+lUh�� � �
��!

���� ���
� lU©«fYh�oi�U|&f�j	y��1£�f�oif�jmhklmf�� �
� ³K+z� ���c·=1 lU©«fYg«jUqk�«��f2n yz�1£kf2oif�jUh�lUf�� �
�c· lU©«fYh�oi�U|&f�j	y��1£�vif��m�Uf�� �
�c· - � � �! � lU©«fY£�vif��m�(yz�1�kf�jmy¡ ¢f��=|1yzlU©�%#"2.

X1

Xn

…
…

Y

Z

X1

Xn

…
…

k
Y

0
Z
1

A A

t t+1

……

……
k

0
X1

Xn

…
…

Y

Z

k

2

A

X1

Xn

…
…

Y

Z

A

1

0

t+2n-1

X1

Xn

…
…

Y

Z

A

1

0

1 0

2n-1 2n

t+2 t+2n

RRRRR

1

0

�Dyz£kv«jUf+¦����ñ�Uyzn�g«��f1x2qkvioplUyzoi£ElUh�� � jmf�gijUf2�Uf�oplUf2�ähk�&h �«hkxAÿ
lmqkjmf��ò�îeY���Êgijmqk�i�zf�n8£�f�oif�jmhklUyzq�oð�mlUhk£�fM	A�+��oßlm©iyz�(f��phkn�ÿ
g«��ft�%$ )¢v«f�oplU�+hkn�qkoi£�%-,#�/.	./. ��%�0�yz�1�mf�l+lUqð�+h�l(lm©if%f�oi�
qts�lU©if+gi©ih��Uf}�

X1

Xn

…
…

Z

Y

0

1

2n

t+2n

A

X1

Xn

…
…

Z

Y

A

X1

Xn

…
…

Z

Y

A

X1

Xn

…
…

Z

Y

A

t+2n+1 t+3nt+3n-1

n– +k

0 0

1 1

R R R R

1

n–0

2n+1

0

1

3n-1

n– +k-1

3n

……

……

�Dyz£kv«jUf%¥����ñ�Uyzn�g«��f1x2qkvioplUyzoi£ElUh�� � jmf�gijUf2�Uf�oplUf2�ähk�&h �«hkxAÿ
lmqkjmf��õ�ße+� � hkoi�m|rf�jE£kv«f��U�Ehkoi�ä��f�jUy¡ ¢x2hklUyzq�oägi©ihk�mfM	A�[��o
lm©iyz�rfE�§h�n�gi�zf}��hkl&lUyzn�f + -[�c·D�plU©if	£kvif��m��SA��f��&TEyz��söf2��yzoplUq
lm©if��«hkx�lmqkjmf��ß�ße+�D�§h�oi�=lU©if+jUf2|rh�jU�=q}s1�}�À�%|1yz�z�ë�¢f+£kyz��f�o
h�l1lUyzn�f +.-a®c·îy¡s�hko«��q�oi�z��y¡s'&�·�(k�ml)& · -�$+*�·�(k�¬�



�1©if	�i�poihkn�y�x2��qtsJlU©if��ih�x�lUq�jUf��=�ße+�äyz���if2�Ux�jmy��ëf��=hk�]söq��Àÿ
�zq}|1���
� �����K� +�� � ; yz���mf�l�lmqßhßjmhkoi�iq�n0o§v«n��¢f�j¨o§v«n��¢f�j�� ; ³� ���i·D�(h�oi� � ; yz�1�Uf2l(lUq��¬�
� �����K� + -d��� +.-@�c·��>�«qkj�� * Q * ·D��% BDG ;?>	� B�
 ,+y��+�mf�llUq+qko«f1|1y�lm©�g«jUqk�«hk�iyz�zyzl��Yn�yzo:+�� BDG ;?>	� B
 � (5�?· & Q -ß�M	 ���i1JhkllUyzn�f + -ä� Q &å�}� � ;?>	� B yz�&�Uf�l1lmq�� ;�>	� B�
 , & 6 B G ;�>	� B�
 , ����o�U©iq�jUl2�ilU©ijmqkvi£�©iqkvil&lU©«fYg«jUqk�«��f2n £kf�o«f�jUh�lUyzqko=gi©ih��Uf}�ilm©if
�ße+�@£kf2oif�jUh�lUf��Eh�jmhkoi�«qkn ·«ÿ��iyzlY��f�x�lmqkj+|1©iyzxA©ð©ih���� ;�iyzlU���mf�l&lUq=�}�phkoi�+�6�Uf�jm�kf��1h���h%x�q�vioplUf�j � f�f�giyzoi£%lmjUh�x �
q}s�©iq}|dn�h�op���iyzlm�1lUq��Uf2l��

� �����K� + -å��·����	oähkx�lmy�q�oåyz�%lmh � f2o���|1©iyzxA©åx�q�jUjUf2�Ugëqkoi�i�
lUq=lU©«f�£kvif��m��|1©«f�lU©if2j�lm©if�n�h	k qkjUyzl��=q}s�%�, �/.	./. �'%�0ðyz�
�Uf�lEqkjEoiq�l��å�ßn�f�hko«�%lU©if�hkoi�m|rf2j�SAoiq�Tßhkoi�I��n�f�hko«�
SA��f��&T«�

� �����K� + -å��· -S���+� ;?>	� 0 > ,òyz�[�Uf�lälmq_< ;?>	� 0�����&�· 	 -6 , G ;?>	� 0 �� �����K� + -å��· -a��� + -å®�·�� �«qkj%� * Q *�·D� � ;?>	� 0 > B yz��Uf�l¨lUq�� ;?>	� 0 > B
 , - 6 ;?>	� 0 > B�
 , �=��oä�U©iq�jUl���lm©ijUq�vi£k©«qkvillU©ifE�kf2jUy¡ ¢x�h�lUyzqko[gi©ih��Uf}��lU©if��îeY�Sx�q�vioplU�%lm©if�opvin��ëf�j
q}s��iyzlU�1�Uf2l(hkn�qkoi£�%�, �/./.	. �'%�0ë�

� �����K� + -å®�·����¯s &�·�(���l � ;�>�� 0 *�·�(k�p�DlU©ifE£kvif2�U�%|&hk�x�qkjmjUf�x2l��r�mqðlm©if�jmf�|&hkjU�aq}s���yz�E£kyz�kf2o����	lU©if�jm|1yz�Uf}�1oiq
jUf�|&hkjm�=y��1£�yz�kf�o��

� �����K� + -å®�· -S�����1©if��U�p�Ulmf�n0£kf�lm�%�ih�x � lUq=lm©if�gijUq��pÿ
�zf�n yzoi�Ulmhkoix2f%£kf�o«f�jUh�lUyzqko7�Êlmyzn�f!+
	A�

� ©iyz�mlUqkjm��ÿ yzoi�if2g¢f�o«�if�opldgëqk�zyzx�� jUf2gijUf��mf�oplUf�� hk�@hClUjUf2f
�U©«qkvi�z�ß�ëf�hk�i�zf%lmq=x�qkviopl	lU©if�opvin��ëf�j(qtsr�iyzlU�	�Uf�l¨hkn�q�oi£%�, �/.	./. �'%�0ë�ò��lE|1yz�z�ö��©iq}|&f��kf2j��rfE�§g«��qp�if�lU©if��Uy6��f=q}s(lm©if
lUjmf�f}� �(oSlU©if=qklm©if�j�©ihkoi�L�rhä©iyz�Ulmqkjm�kÿ��if�gëf�oi�«f�opl�gëqk�zyzx��
|1yzlU©%�mvG��x�yzf�opl�hkn�qkviopl�q}sën�f�n�qkjU�#� �Uy6��f&q}sé�Fyzo%lU©if&hk�ëq}�kf
x�h��UfM	Dx�h�o�jmf�n�f�n��ëf�j�lm©ifrh�oi�U|&f�j2�I�(f�oix2f}�§lm©if&��h�lUlmf�jJ|&qko D�l
f��pgi�zqp�if}�

`E\1��^D�-ª@ý¢HJHDþ�© ��\5��RU�v©�� HJ^Dý¢�«Z
wpf�h�jUxA©iyzoi£IyzolU©«få�Ug«hkx�f@q}s�©«y��mlUq�jU��ÿ �«f�g¢f2oi�if�oplågëqk�zyzx�yzf��
�iqpf��%o«qkl+n�h � f%lm©if�gijUq��i�zf�n h�op�ßf�hk�myzf�j��=��oðlm©iyz�+gihkgëf�j��
|&f�v«�Ufßh[�zq§x2hk�1£kjmf�f��i�@�mf�hkjmxÈ©Sn�f�lm©iqp�å�ih��Uf��@qko@{&hkyzjU�
hko«� �æq§q�jUf�D�� �J�Y�]w@hk�z£kq�jUyzlU©«n �Ê{&hkyzjU�%�0�=qpqkjmfå�����k��	
hko«�ßyzlU�(g«jUf��if2x�f��U�mqkj��xj��;� � �+�1u�j@hk�z£kq�jUyzlU©«n �/Bdyz�z�zyzhkn��
����K'K�	A����lryz��h%lmjUyzhk�¡ÿ��ihk�mf����i�mlUqpxA©ihk�mlUyzx(£�jUhk�«y�f2o§l&�if��mx�f�opl1q}s
h%£�f�oif�jmhk��f�jmjUqkj1n�f�hk�mvijUft�§h�oi��©if�oix2fY|&f(x2hko��m©iq}|@lU©ih�lryzl
x�q�o§��f�jU£�f��%lmq�h��zq§x2hk��qkgilmyzn�vin |1yzlU©[gijUq��ihk�«y��zyzl��ð�t�%�1©if
f�jmjUqkj+n�f�hk�mvijUf%|&f%vi�mf%yzoßlU©«y��	gihkgëf�j	y��	lU©if¨f��pg¢f�x2lUf��äx�v¬ÿ
n�vi�zhklmyz�kf1�iyz�Ux2qkvioplUf2��jmf�|&hkjU�.�

� ~ !������� ; C  n
; �C� #6=; �'< ; 		H #6 ��if��

�(�m�Uvin�f1lU©ih�lrlm©if1gijmqk�i�zf�nCyz�rh¨£kqkh��¡ÿ h�xÈ©«y�f2�kf�n�f�oplJlUh�� � �
lU©«f�jUf�f��py��mlU�Ehkoäh��i�Uq�jU�iyzoi£ß£�qkh��Àÿ��Ulmhklmf�|1©iyzxA©älU©«f��U�p�mlUf�n
n�vi�ml(�ëf�y�oîhk�	söhk�ml+hk�%gëqk�m�Uyz�i�zf}���	�%�Uqpq�oðh��Ylm©if��U�p�mlUf�n
jUf2hkxA©if���lm©if�£kq�hk�¡ÿ �mlUh�lUf}��lU©if��m�p�UlUf2n�©ihk�zlm�%hkoi�äh��U�my�£�oi�%h
jUf2|rh�jU������o=lU©«y��&x�h��Uf}�ë|rf	x�hko�|1jUyzlUf+�iq}|1o�qkvij&qkgilmyzn�hk�zyzl��

x2jUyzlUf�jmyzqkoßh��

& ~ ! ��
��C  �

 "! �$# ! E
�% � H #6  �if 	'&��% � 	 � �U�<	

|1©«f�jUf $ � yz��lU©if	�Uf�l&q}s�hk�z�ilmjUh	k f�x�lUq�jUyzf��1lm©ihkl�lmf�jUn�yzoihklmfrh�llmyzn�f�(+� -,Q69 Q��
% � ! + #6  �i±  � Q  ��<  �)(  �	././. � #6 � �\± � � Q � ��< � �)( � 1

h�oi��& ��% � 	+�if�o«qklUf2�%lU©if�lmqklmhk��f�jUjmqkj%h��U�mq§x2y�h�lUf��ä|1yzlm©ðlmjUh}ÿk f�x�lUq�jU�*% � �#Bäf%hk�m�Uvin�f�lm©ifElUqklmhk��f�jmjUqkj+&%yz�	hk�i�iyzlmy���f%yzolm©if%�mf�oi�Uf¨lU©ih�l

&��% � 	 ! �� ; C  ´ ��% � +���� +¨1H	
|1©«f�jUf ´ ��% � +���� +¨1 	¨yz��h�oõyzoi�mlUh�o§lmhkoif2qkvi��f�jUjmqkj�h��U�mq§x2y�h�lUf��|1yzlm©��mf�ªpvif�oix2f�gijmfA  �

% � +���� +¨1:!�+ #6  �i±��� Q  ��< ��)(  �/.	./. � #6=; �i± ; � Q ; ��< ; �,( ; 1
�	n�qko«£�lU©«f�n�hkop�=|&h}�§�+qts(�ifA ¢oiyzoi£�´���|rf�v«�Uf��(eC�U�<	

f2jUjUq�j��¯wpvilUlmqko��ñ{&hkjmlUq[���k��K'	]|1©iyzxA©�yz�
´G�% � + ��� +¨1H	 !)&�n ; ( ; .

��o�lm©iyz��x�h��Uf}�i|&f1oiqklmf1lU©ih�l�qkvij�q��ckAf�x�lmyz�kf1s¯vioix�lmy�q�o ��j�ªpvih}ÿ
lmyzqkoó�<	Eyz��f��ph�x�lU�z� &�� ~ �rlm©if�jUf söqkjmfß|rf=lmjU�ålmqðn�yzoiyzn�y �2f& ~ ���qdyz�z�zvi�UlmjUhklmfålm©if@�UlUqpxA©ih��UlUyzx@£kjmhk�iyzf�opl[�if��mx�f�oplähk�z£kqtÿ
jmyzlU©inWqko�& ~ �¢|&f+�if�jUyz��fYlm©if%£�jUhk�«y�f2o§l.-�& ~ |1yzlU©=jUf��mg¢f2x�llmqälU©ifîgihkjmhkn�f2lUf�jm��q}sYlm©ifßgëqk�zyzx��ä£kjmhkgi©L���ijmqkn e	fA ¢o«yÀÿ
lmyzqko�®p�plU©«f(gih�jUhkn�f�lUf2j��Ugih�x�f+yz� � ¾ � � � � � � � ���	� ���IBdyzlU©iq�vil�zq��U�(qts�£kf�oif2jUhk�zyzl����i��f2l�/õ�ëf%h�o§��gihkjmhkn�f�lUf�j	q}s�lU©«f%g¢q��zy�x2�
£�jUh�gi©����1©if�oî|rf+©ih}��f

0 & ~0 / ! ��
��C  �

 ,! �$# !
� E �% � H #6  �\f 	

0 &��% � 	0 /
-1&��% � 	 0 E ��% � H #6  �\f 	0 / � .

�ö��	

�	qklmf�lU©«hkl¨söqkj%q�vij%xA©iq�y�x2f�q}s.&ElU©«f�gih�jUlUyzh��r�if2jUyz�}hklmy���f�q}s&���% � 	(|+��j2� l2�+/ yz�	hk�z|rh}�p�+�p�#BäfEoiq}|ñ�if�jmy���f�lU©ifEgih�jUlUyzh���«f�jUyz�}hklmyz�kf+q}s E �% � H #6  �\f 	&|+��j���l��2/1� wpyzoix2f
E ��% � H #6  �\f 	�! E � #6 M	 � � � � Q �	 � � � � Q  � 6 BDG  �\±�M	 ¾ �?±� �'<	M	�A; C , � (#� #6 ; 
 , �'< ; 
 , � #6 ; 	� � �?± ; 
 , � Q ; 
 ,
	 � 6 BDG ; ���?± ; � Q ; 	&	 ¾ �?± ; �'< ; 	 � �
|&f+x�hko=jmf�|1jUyzlUf�j�ªpvihklmy�q�oß�%h��
0 & ~0 / ! ��

��C  �
 "! �$# ! E

��% � H #6  �\f 	3�4&��% � 	 �� ; C 
0 �zo ¾ ��± ; �'< ; 	0 /

-5&��% � 	
�� ; C ,

0 �zo � �&��± ; 
 , � Q ; 
 , 	 � 6 BDG ; � ��± ; � Q ; 	 	0 /
-5&��% � 	 0 �zo ���	� � Q  	0 /
-5&��% � 	 0 � � � � Q  � 6 BDG  �i±  	0 / �2.



�1©if=hk�ëq}�kf�f�ªpvihklmyzqkoå�mvi£k£�f��Ulm��lU©ih�l�lU©if=£�jUhk�«y�f2o§lEyz��lm©if
n�f2hko�qts

� �% � 	 ! &��% � 	
�� ; C 

0 �zo ¾ ��± ; ��< ; 	0 /
-5& ��% � 	

�� ; C ,
0 ��o � �&��± ; 
 ,#� Q ; 
 ,
	 � 6 BDG ; ���?± ; � Q ; 	 	0 /

- 0 �zo ���	� � Q �	0 /
-
0 � � � � Q 1� 6 BDG #�\±�M	0 /

�¯®'	
|+��j���l��6lU©if[�iyz�UlmjUyz�ivilmy�q�o E �% � H #6  �if 	 ���(f2oix�f}�%�mlUqpxA©ihk�úÿ
lUyzxE£kjmhk�iyzf�opl(�«f��Ux�f2o§lEq}s&lU©ifEf�jUjmqkj%yz�	�iqkoifE�p�ßjUf2g¢f�h�lUf��«���
�Uh�n�gi�zyzoi£	h%lUjmh	kAf�x�lmqkjm� % � hkoi��f2�}hk�zvihklmyzoi£ � �% � 	]hko«��vigpÿ�ih�lUyzoi£ElU©if%g«hkjUh�n�f�lmf�jU�1qts�lm©if+g¢q���yzx���£kjmhkgi©��
��l�yz�Eyzn�gëqkjUlmhkopl+lU©ih�l�|rf�©ih}�kf�oiqko¬ÿ ��f2jUqägijmqk�ih��iyz��yzlmy�f2�

söq�j�hk�z�rgëqk�m�Uyz�i�zf=lUjmh	kAf�x�lmqkjmy�f2�����	oifß|&h}�älUqäf�ops¯qkjUx2fßlU©iyz�
x�q�oi�iyzlUyzqko�yz��lmq%vi�mfYh�� .PO�* d	LC+'010 8�-6(�*H2E- 0 �G*,-/.'0�söqkj�lm©if(g«h}ÿ
jUh�n�f�lmf�jU�1qts�lm©if%gëqk�zyzx���£kjmhkgi©��

¾ ��±���<5	@! ´������
	 G � �
�
� � �� ´ �����
	 G

� � �
� �&��±�� Q 	 � 6 B ���?± � � Q � 	 	@! ´���������	 G B � G ��� G �
	 � G B � ���

�
	 � � � � G B � � ´ � � ����	 G B � G � � G �
	 � � G B � � ���

� � � � Q 	@! ´ � ��� � � B �
� B � ´ � ��� � � B � �

� � � � Q � 6 B �i±�	@! ´ ����� � � BDG ��� G 	 �
�
	 � � � ´ � ��� � � BDG � � G 	 � �

�1©ijmqkvi£�©iqkvil&lU©«fYfE�§gëf�jmy�n�f�oplU�&�if��mx�jUyz�ëf��ßyzo�lm©if+oif��pl1�Uf�x ÿ
lUyzq�o��i|rf+vi�mf%hk�ëq}�kf	jUf�g«hkjUh�n�f�lmf�jUy6��h�lUyzqkoL�

�=ýëH���RUT6RUO(^Dý�©8M���«%H�ýiRUTCHDO�üi_
��o=lU©iyz�&�Uf�x2lUyzqko��ë|rf+�m©iq}|ó�mqkn�f(jUf2�Uvi�zlU�&s¯jUqkn qkvij1gijmf��zyzn�y¡ÿ
oih�jU��fE�§gëf�jmy�n�f�oplU�2�
�Dy�£�vijUf��äg«jUf��mf�oplU�[lU©ifä�zf�h�jUoiyzoi£ax�vijU��fäq}s�lU©if[gëqk�zyzx��

£kjmhkgi©6qko6n�qp�iy¡ ¢f��ñ��f�jU�my�q�oqts�hó�ëf�oixA©in�hkj � g«jUqk�«��f2n
söq�j%f��}hk�zvih�lUyzoi£=�I�+�ße+�ñhk�z£�qkjUyzlm©in��	x�hk�z�zf��älU©«f�SA�U©pvilmlU�zf
gijmqk�i�zf�nî� T �1©ifaqkjmy�£�yzoihk�+�U©pvilmlU�zfägijmqk�i�zf�n �öu&h��U�mhkoi�ijmh
�����'K�	Ey���£�yz�kf�o@hk��h@�I�+�ße+�D�r|1©if2jUfßlm©ifßlUh�� � yz���ijUyz��ÿ
yzoi£%hE�U©pvilmlU�zf(�ih�x � hkoi�Esöq�jUlm©��ëf�l�|rf2f�o=h%�zqkhk�«y�o«£%�UyzlUf	hkoi�
hkoäv«oi�zqkhk�«y�o«£��myzlUf�lmqß�if��zyz�kf2j%hßgih�x � h�£kf}�ß�1©«f��UlUh�lUvi�Eq}s
|1©if�lm©if�jßlm©if[�U©pvilUlm�zfðyz�=�zqkhk�«f��dqkj�oiqkl=yz��©«y��«�if�o�� �«qkj
qkv«jYfE�§gëf�jmy�n�f�oplU�2�J|rf�n�qp�iy¡ ¢f��=lU©if�g«jUqk�«��f2n8�Uqßlm©ihkl+f���ÿ
f�jm�§lm©iyzoi£ßyz�%q��i�Uf�jm�}hk�i�zf �/yzl%yz�%oiq}|Cx�qkn�g¢q��Uf��äqts lm©ijUf2f
)¢vif2o§lm����lm©ihkl%jmf�gijmf��Uf�opl�lm©if��zqpx�hklmyzqko[q}s1lU©if��m©§v«lUlU�zf}��lm©if
�Ulmhklmvi�1q}s���q�hk�if2��qkj&oiq�l��ihko«��lU©«fY�mlUh�lUvi�1qtsJlU©if+gih�x � h�£kf�D��
hkjmjUyz�}hk�1h�l�lU©if=�zqkh��iyzoi£[�UyzlUf}�1jmf��Ugëf�x�lmy���f��z�k�ñ�8jmf�|rh�jU�@q}s
�=yz��£�yz�kf�o@f���f�jU�alUyzn�f�lU©if=�U©pvilmlU�zfßh�jUjUyz��f���hklElU©ifî��q�hk�pÿ
yzoi£%�my�lmf+|1y�lm©�f�n�g«l���x�h�jU£�q�h�oi��jmf�lUvijmoi�(lmq�lm©if(v«oi�zqkhk�«y�o«£
�Uyzlmf�|1yzlU©älm©if�gih�x � hk£kft��BdyzlU©[lU©«f��«y��mx�qkv«o§l¨jUhklmf�qtsY�p�À�p�
lU©«f�qkgilmy�n�hk�Dg¢f�júsöqkjmn�h�oix�fEy��¨hkjUq�vioi�[hkl��t�À�p���1©if�£kjmhkgi©
�U©«q}|1�(lU©«f%h}�kf�jmhk£�f%q}s(���Eyzoi�«f�g¢f2oi�if�opl(fE�§gëf�jmy�n�f�oplU�	f�hkxA©

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 1000 2000 3000 4000

shuttle
optimal

�Dyz£kv«jUf����J�Df�j�söq�jUn�hkoix�f]qko%lm©ifrn�qp�iy¡ ¢f��+�U©pvilmlU�zfrg«jUqk�«��f2nß�

0

5

10

15

20

25

30

35

40

0 1000 2000 3000 4000

Coffee Robot
optimal

�Jyz£�vijUf �����Df�j�s¯qkjUn�hkoix2fYq�o=lU©if%u&q���f�f��Fqk�ëqkl&�iqkn�hkyzo��
|1yzlm©å¦§���k�=£�jUh��iyzf�opl%vigë�ihklmf���qkoahðgëqk�zyzx��[£kjUh�gi©å|1yzlm©å�
��f�jUlmyzx�f����
�Dyz£kvijmf#�E�U©«q}|1�(lU©«f%g¢f2j�söq�jUn�h�oix�f%qts�lU©if%h��z£kqkjmyzlU©in q�o

lm©if%lmq}��x�qP�éf�f¨jUqk�ëqkl1g«jUqk�«��f2nß����l1y��1h�fE�§lmf�oi�if2�ßgijUq��i�zf�n
s¯jUqkn8lm©ifE�Uyzn�gi�zf+f��phkn�gi�zf+y�o?�Jyz£�vijUf��t� BS©if�o[f��pgi�zy�x2y�lm�z�
f2o§v«n�f�jmhklUf2���&-,Q69 Q )¢hklmlUf�o«f��@qkvil�	A��lU©«f�gijmqk�i�zf�n0©ih���¦p�k�
�mlUh�lUf��2�r{&�%vi�Uyzoi£+h%gëqk�zyzx��+£kjmhkgi©E|1yzlU©��	�kf2jUlUyzx�f2���p|rf1|&f�jUf
h��i�zfßlUq  ¢oi�dha�zq§x2hk�z�z�äqkgilmy�n�hk�1gëqk�zyzx��å|1yzlm©iyzoõn�yzo§v«lUf��2�
�1©«f�q�gilUyzn�hk�&g¢f�júsöqkjmn�h�oix�f�yz��® �p��¦§�¬�å�1©if=£kjmhkgi©@�U©«q}|1�
lm©if=h}�kf�jmhk£�f�q}s���ßyzoi�«f�g¢f2oi�if�opl�f��pgëf�jUyzn�f2o§lm��f�hkxA©a|1y�lm©
¦p�k���E£kjUh��iyzf�opl1vigë�ihklmf����#�	oßh}�kf�jmhk£�f}�¢lm©if%�zf�hkjmoif��[g¢q��zy�x2�
£�jUh�gi©i�1©ih���gëf�júsöqkjmn�f�oix2fYh�jUq�vioi�=hkl1�k¥¬�IBäf(f��pgëf�x�lUf2�ðlmq
�zf�h�jUo[h=£kjUh��ivih����z���¢f�lmlUf�jEgëqk�zyzx��=hk�+|rfEhk�«�if��än�q�jUf%��f�j�ÿ
lmyzx�f����ë�ivil�|&f(f2oi�if��=vig��UlUv«x � h�l��zqpx�hk�ëqkgilmyzn�h+|1yzlU©��Uh�n�f
gëf�júsöqkjmn�hko«x�f}���1©if+jUf2�Uvi�zl1yz�ro«hklUv«jUhk�ëyzo��mqkn�f1h��Ugëf�x�l	lU©ih�l
lm©if+hk�z£kq�jUyzlU©«nyzlU�mf��¡s��zqpq � ��s¯qkj��zqpx�hk��q�gilUyzn�hi� �(q}|&f��kf2j��iyzo
x2qkoplUjmhkjU���i|&fYjmf�gëqkjUlmf��ßyzo=hkoiq�lU©if2j1gihkgëf�j#�ö�æf�vi�zf�hkv79<*I+�O/Q
��k���'	]£kjUh��ivih��¢yzn�g«jUq}�kf2n�f�opl�hk�&|rf	hk�z�zq}|rf2����h�jU£�f�j1g¢q��zy�x2�
£�jUh�gi©i���IBäf+�mvi�Ugëf�x�l+lU©«hkl1lU©«f�jUf%h�jUf+©pvi£kf+�iyz�mx�jUf�lmf[kAvin�gi�



0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0 1000 2000 3000

Majority
optimal

�Dyz£kvijmf�K��1�Jf2j�söq�jUn�h�oix�f+qkoîlU©if��æh	kAqkjmyzl����iqkn�hkyzo�|1yzlU©ß¥
�iyzlU�2�

yzoðlm©ifEg¢f�júsöqkjmn�h�oix�fEhk�+lU©if�fE�§g«jUf��m�Uyz�kf�o«f��U�Eq}s1lU©ifEgëqk�zyzx��
gih��U�Uf2�1�Uqkn�frlm©ijUf2�U©iq����L���1©if(h�oihk�z�p�Uf��]qko��Uv«xÈ©�yzo§lmjUyz£kv«y�o«£
�ëf�©ih}�pyzqkvij1jmf�n�h�y�o�h��&sövilmvijUf%|&qkj � �
�Dy�£�vijUf#KE�m©iq}|1�1lU©if¨g¢f�júsöqkjmn�h�oix�f+qko=lU©«fYn�h	kAq�jUyzl����«q}ÿ

n�h�yzo��m©iq}|1o=y�o��Dy�£�vijUf+¦Ehkoi���Dy�£�vijUf%¥¬���1©if+lUhk� � |rh��1lUq
�if�lmf�jUn�yzoif(lm©if+|1©if�lU©«f�j(lm©if+n�h	kAq�jUyzl��%qts�¥%�iyzlm�1hkjUf+�mf�l1qkj
oiq�l�� Bd©if�o�f��pgi�zy�x2y�lm�z�%f�opvin�f2jUhklmf����plU©if	�iqkn�hkyzo%©ih�� ¥��k®��
�Ulmhklmf�����~	�Uyzoi£�� ÿ �iyzl�n�f2n�qkjm���¯�+�UlmhklUf ��wi� 	A�plU©if1�mlUqpxA©ihk�úÿ
lUyzx&£kjmhk�iyzf�opl��if��mx�f�opl1hk�z£kq�jUyzlU©«nóx�q�op�kf�jm£kf���lmqYlm©if1qkg«lUyzn�h«�
�¯s�|&fð|&f�jmfälUqåv«�Ufähå�mlUh�lUyzqkoih�jU�@gëqk�zyzx��@jUf�gijmf��Uf2o§lmf��Chk�
hß�if2x�yz�UyzqkoalUjUf2f}�rlm©if�n�qk�Ul+x�q�n�gih�x�l%q�gilUyzn�h��Jgëqk�zyzx��[|1y��z�
©ih}��fæ� � ��f2h}�kf��2�õ�	£khkyzo��&lU©if=gëf�j�s¯qkjUn�hkoix2f�£�jUh�gi©å�m©iq}|1�
lU©«fßh}�kf�jmhk£�fßq}s����[yzoi�«f�g¢f2n�f�opl�fE�§gëf�jmy�n�f�oplU��f�hkxA©d|1yzlU©
®k���k�¨£kjmhk�iyzf�opl1vigë�ihklmf����

�@HL�U^JüiHDþ�� \�ý��
�1©if�jmf@y��[hd�zhkjm£kfahkoi�6£kjUq}|1yzoi£@�zyzlUf�jmhklmvijUf@qkoñlm©if@f���ÿ
x�yzf�opl1jUf2gijUf��mf�oplUh�lUyzqko=hko«���Uq��zvilUyzqko�qts�gijmqk�i�zf�n���yzop�kqk�z�pyzoi£
gi�zhko«oiyzoi£ðv«oi�if�j�vioix�f�jmlUh�y�opl��@n�qp�if2��f2�åhk�=�=hkj � q}�ä�if2x�y¡ÿ
�Uyzq�oógijmqpx�f��U�mf�� �Ê�Uf2f��Ê{&qkv«lUyz�zy�f2j��%e(f2hko��#� �(h�o � �å�����k��	
söq�j�ha�Uvijm�kf��5	=lm©ihkl=�ijmh}|1�ßvigëqkoIf�hkjm�zy�f2j�|&qkj � yzodqkgëf�júÿ
hklmyzqkoi�%jmf��Uf2hkjUxA©�� �Uf�f7� {rf�jmlU�mf � hk�[���'K �G"��5vilUf�jmn�h�oó�����}¦G	
söq�jäq}�kf�jm�§yzf�| 	 � ��oQg«hkjUlmyzx�vi�zhkj2��lU©if2jUfI©ihk�ä�ëf�f�oWn�vixA©
|&qkj � jUf�x�f2o§lm�z� jmf�gijUf2�Uf�oplUyzoi£W�zhkjm£kfñ�ße+���dvi�my�o«£Qx2qkn�ÿ
gih�x�l��¨söhkx�lmqkjmf��jmf�gijUf2�Uf�oplUh�lUyzqko«�ä�UvixA©h��ß{&h}�kf��my�h�oñoif�lúÿ
|&qkj � �>� {rq�vilUyz�zyzf�j���e(f2hkjU�«f�o��I� $+q��z�i�&��n�yz�il%�����k¥G"Je	f�h�o��
$+yz�}hkoL� � ¤�f2hkxA© ��k� �G"�e	f�h�o���$+yz�}hkoL� ���+yzn ���k��KG"
�(h�vi� � jmf�xA©§lC9M*+�O/Q1��k�'K�	A�
�1q�vi£k©i�z�=�Ugëf�h � yzoi£«�JlU©«f�x�q�n�givilmhklmy�q�oihk�Dx�qkn�gi�zf��pyzl���q}s

�Uq��z�§yzoi£@�ße+���=yz��gëqk�z�poiq�n�yzhk�1yzodlm©ifä�Uy6��fäqts�lU©ifä�mlUh�lUf
hko«�ðh�x�lUyzqkoä�mgihkx2f�� �¯¤�yzlUlmn�h�o��Je(f2hko�� ���+hkf��z�i�zyzoi£ä�����k¥�	
hko«�ñlU©ifal��§g«y�x2hk�+söh�x�lUq�jUf��C�ße+�W©ihk�î�UlUh�lUfahkoi�ñh�x�lUyzqko
�Ug«hkx�f��îf��pg¢q�oif�oplUyzhk�+yzoIlU©if[�Uy6��f[q}s�lm©ifäx�q�n�gih�x�l�jUf�g«jUfAÿ
�Uf2o§lmhklmy�q�oßq}s�lU©ifE�i�poih�n�yzx����ÊlU©«f%�UlmhklUf ÿ lmjUhko«�UyzlUyzqkoîhkoi�=jUf ÿ
|&hkjU� sövioix�lmyzqkoi��	A� �=f�lm©iqp�i�=söjmqkn>jUf�yzops¯qkjUx2f�n�f�opl=�zf�hkjmopÿ
yzoi£��Ê�Uf2f �	�Yh�f��z�i�zyzoi£i�i¤�yzlUlmn�h�o����6�=qpqkjmf��������G"iwpvilmlUq�o �
{&hkjUlmqd�����'K'	�söq�j��Uvijm�kf��p�
	�hkoi�asöv«oix�lUyzq�oõh�gigijmq��§yzn�hklUyzq�o
n�q�jUf1£�f�oif�jmhk�z�z���Ê{&f�jUlm�Uf � h�� �ñ�1�myzlU�Uy � �zyz�(�������'	]©ih}��f(�ëf�f�o

�mlUvi�«y�f2��h��1n�f�h�oi��qts�h}�kq�yz�iyzoi£%lU©«fYf2o§v«n�f�jmhklUyzq�o�q}s��mlUh�lUf��
h�oi�Ehkx�lmy�q�oi�����1©if��mf(�zf�h�jUoiyzoi£	n�f�lm©iqp�i���iq+oiqkl�jUf2ª§v«y�jmf1lU©if
v«�UfEq}srh�oßf��pgi�zyzx�yzl(n�qp�if2�ö�ëyzoi�Ulmf�hk�[jUf�ªpviyzjmy�o«£�qko«���=h�£kf�opÿ
f2jUhklmyz�kf%n�q§�«f��Jq�j(lU©«f%hk�iyz�zyzl���lUq�g¢f�júsöqkjmn8f��pg¢f2jUyzn�f�oplm�(yzo
lm©if(lmhkjm£kf�l�f2o§�pyzjUq�oin�f2o§lN�	�Yf2hkjUo«���¢�=h�oi�Uq�vij��5�%�	£����k���'	 �
w¬lUyz�z�ö�i|1©«f�oßh}�}hkyz�zhk�«��ft�§f��pgi�zyzx�yzl(n�qp�if��z�rx2hkoßgijmq}�py��«fY�}h��zvpÿ
h��i�zf�yzopsöq�jUn�hklUyzq�oðlmqðh��U�Uyz�ml�y�oa�Uf�h�jUxA©iyzoi£[söq�j�q�gilUyzn�hk��q�j
o«f�hkj	qkgilmy�n�hk�i�mqk�zvilmy�q�oi���
�1©ifE|&qkj � �if��Ux2jUyz�¢f2�äy�o[lU©«y��+gih�g¢f2jY�ëqkjmjUq}|1�	söjmqkn8l�|&q

n�hkyzo=lU©ijmf�hk�«�%q}srjmf��Uf2hkjUxA©ä�ëf��Uyz�if2�%lU©if�|&qkj � qko=söh�x�lUq�jUf��
jmf�gijmf��Uf�oplmhklUyzq�oi���%�1©if� ¢jU�ml(lU©«jUf�h��ßsöq��z��q}|1�]söjmqknWlU©if%yz�if2h
lm©ihkl[yzlßyz�ßgëqk�U�myz�i�zf}��f���f�o�«f��UyzjUh��i�zfåyzoI�Uqkn�fäx�hk�mf�����lmq
�mf�hkjmxA©�yzo�lU©if	�Ugih�x�f+q}sJgëqk�zyzx�yzf��ryzoi�mlUf�h���qtsJy�o�lm©if+�Ugih�x�f+q}s
�}h��zvif1söv«oix�lUyzq�oi�r|1©«y�xA©�y��&lU©«fY�«hk�Uyz�]söqkj&n�vixA©�q}sJlm©if+|rq�j �
yzop�kq��z�§yzoi£+�i�poih�n�yzx1gijmqk£kjmhkn�n�yzoi£i�ë�1©if+�Uf�x2qkoi�ßlm©ijUf2hk�=yz�
lm©ihkl1yzl1yz�1gëqk�U�myz�i�zfYlmq�vi�Uf+£�jUhk�«y�f2o§l1n�f�lU©«q§�«�1lUqE�Uf�h�jUxA©ßyzo
lm©if��Ug«hkx�f�q}s1g¢q���yzx�yzf��+q�j%lU©if��mgihkx2f�q}s1�}hk�zvif¨sövioix�lmyzqkoi�%y¡s
lm©if�gih�jUhkn�f�lUf2jUy6��f��îsöqkjmn qtsrlU©if2�Uf��mgihkx2f��%yz�+�Un�qpq�lU©ßh�oi�
�«y ��f�jmf�oplUyzhk�i�zf}�
wpyzoi£�©ñf�l[hk�¯���U��k�t¦ 	=yzop�kf��mlUyz£kh�lUfän�f�lU©iqp�i�æsöqkjß�zf�h�jUopÿ

yzoi£I|1yzlU©iq�vilä�Ulmhklmfõf2�UlUyzn�hklUyzq�oñ�§�6�Uf�h�jUxA©iyzoi£ñyzoCg¢q��zy�x2�
�mgihkx2f(yzoi�Ulmf�hk��qtsé�mf�hkjmxA©iyzoi£+söq�j�h�o�q�gilUyzn�hk�k�}h��zvif�s¯vioix�lmy�q�o
h�oi�dlm©if�oIx�qkoi�mlUjmvix�lUyzoi£@h�oõq�gilUyzn�hk�#�Ê�«vil�oiq�l�oif2x�f��U�mhkjúÿ
yz�z��vioiyzªpvifM	Fg¢q��zy�x2��söjmqkn lm©if%qkg«lUyzn�h�� � �ivil1vioiyzªpvifM	F�}hk�zvif
s¯vioix�lmy�q�oßqkj	h�jmf�hk�mqkoih��i�zf%hkgig«jUq��pyzn�hklmyzqko�lU©«f�jUf�qtsU�+{rh�y�jm�
h�oi���=qpqkjUf#�m�����k�'	DyzoplUjmq§�«vix�f1lU©«f3�J�Y�]w�� ��h���v«fr�	oi���Dqk�¡ÿ
yzx��@wpf�h�jUxA© 	Es¯hkn�yz�z�ßqtsYhk�z£�qkjUyzlm©in��+lU©«hkl�hk�z�zq}|C�Uf�h�jUxA©iyzoi£
yzoälm©if=�Ugih�x�f�qtsYgëqk�zyzx�yzf��%qkjEyzoälU©if��Ugih�x�f=q}s(�}h���v«fEsövioixAÿ
lmyzqkoi��q�j�y�o@�mqkn�f�x�qkn��«y�o«hklUyzq�oäq}sYlm©ifßl�|&qi�d{&hkyzjU�@h�oi�
�æq§q�jUf�D��E|rq�j � £�f�oif�jmhk�zy6��f���qkoäh�oi�åfE�§lmf�oi�i��lm©if�|&qkj � q}s
BSy��z�zyzhkn�� �m�����k�'	 �
�	hkoi�mf�o �U��k��K'	W�if��mx�jUyz�ëf���h���£�qkjmy�lm©in�� söq�j8�Uqk�z�pyzoi£

� �Y�îeY�5�ä�§�ñ�mf�hkjmxA©iyzoi£ñyzoñlU©if@gëqk�zyzx��ó�mgihkx2fõqts� ¢o«y�lmf
n�f�n�q�jU�äx�q�oplUjUq��z��f2jU���C�=f�vi�zf�h�vdf�l�h��¯� �U��k���'	Ex�q�n��iyzoif��
lm©if(yz�if2hYqtsJ�Uf�h�jUxA©iyzoi£%yzo�h�o�h�gigijUq�gijUyzh�lUf��z�Egihkjmhkn�f2lUf�jmy��2f��
gëqk�zyzx��+�Ug«hkx�f&|1yzlU©%lm©ifryz�if2h(q}sivi�myzoi£(£�jUhk�«y�f2o§lD�ihk�mf��En�f�lm©pÿ
qp�i�¨söq�jYjmf�yzopsöq�jUx�f�n�f�opl%�zf�hkjmoiyzoi£i���	vijE|rq�j � f�n�gi�zq}�p�(h�o
fE�§lmf�oi�my�q�o�qtsélm©if3�J�+��w�n�f�lU©iqp�iq��zqk£k�	lUq+s¯hkx�lmqkjUf2���ße+�����

 \�O(�ë�UN	_kRU\]O
Bäf=©ih}��f��if2�Ux�jmy��ëf��Ihßs¯hkn�yz�z�ßqtsYhk�z£�qkjUyzlm©in��+s¯qkjE�Uqk�z�pyzoi£
s¯hkx�lmqkjUf2�æ�îeY�5�1lU©ih�lr|&qkj � �&�p���Uf�h�jUxA©iyzoi£�yzo�lU©«fY�mgihkx2f%q}s
©«y��mlUq�jU��ÿ �«f�g¢f2oi�if�opl+g¢q��zy�x2y�f2���¢�mg¢f2x�y¡ ¢x�hk�z�z�� ëoiyzlUfAÿ��UlmhklUf¨x�qkopÿ
lmjUq����zf�jm���ëy�o«�UlUf2hk�=q}s�lU©«fY�mgihkx2f%q}s��=hkj � q}��gëqk�zyzx�yzf��2���1©if��Uf
h��z£kqkjmyzlU©in��Yh�jUf=�if��myz£koif��@lmqðf��pgi�zq�y�lEgijmqk�i�zf�n��%yzoå|1©iyzxA©
v«�UfAsöv«�(x��zvif��Es¯qkjE�if�x�yz�Uyzq�oån�h � y�o«£�h�oplUyzx�yzgihklmf�lm©if=hkx�lmvihk�
o«f�f���söqkj]n�h � yzoi£	�if�x�yz�Uyzq�oi�rh�oi��lU©«f��Uf+x��zvif��&hkjmf(jmf��zhklUyz��f��z�
f2hk�U�älmqßf��plUjmhkx�lEs¯jUqkn�lU©if�©iyz�UlmqkjU�[q}s(�mlUh�lUf��Ehkoi�af�oix�qp�if
yzo[lU©if��zqpx�h����mlUh�lUf�q}s&h�x2qkoplUjmqk�z�zf�j���wpyzoix�f��ße+���+hk�m�Uvin�f
s¯vi�z�rq��i�Uf�jm�}hk�iyz�zyzl��k��hk�z�&yzopsöqkjmn�h�lUyzqkoßo«f�x�f��m�Uhkjm�asöqkjE�Uf��zf�x2l�ÿ
yzoi£ElU©«fYq�gilUyzn�hk�ih�x�lUyzqko�yz�rh}�}h�y��zh��i�zfrf�o«x�qp�if��ßyzo�lm©if+�UlmhklUf
h�l%lU©«f�lUyzn�f�yzl%yz�%oif2f��if�� "1yzoä�Uq�n�f�x�h��Uf��2�r©iq}|&f���f�j���lm©iyz�
yzops¯qkjUn�hklmy�q�o�x�hko=�ëf%x�q�n�givilmhklmy�q�oihk�z�z�%�iy���x�v«��l1lmq��if�x�qp�if
h�oi�E©if�oix�f	lU©if1h�oplUyzx�yzgihklmqkjm�Yx2��v«f���x�h�o�hP�éq�jU��h(�myz£koiy¡ ¢x�h�opl
x2qkn�g«vilUh�lUyzqkoih��¢h��i�}hkoplmhk£kft�
�1©iyz�D|rq�j � �iviyz�z�i��qko%lm©if&|rq�j � q}sé�æf�vi�zf�hkvEf�l�hk�¯�5�U��k���'	

yzoa�Uqk�z�pyzoi£ä�I�+�ße+����h�oi�äsöv«jUlU©«f�j�f��plmf�oi�i��lU©if=|&qkj � q}s
{&hkyzjm�ähkoi�ä�=qpqkjmf��U�����k��	(lmq�söhkx�lmqkjmf��å�ße+����� Bäf�©iqkgëf



lUq=�m©iq}|lm©ihkl+qkv«j(hkg«gijUq�hkxA©ðh�oi�[lU©ih�lYqts �=f�v«��f2hkv[f�l%hk�¯�
x�h�oä�¢f�x�q�n��iyzoif��ßlmq=�Uqk�z��f%söh�x�lUq�jUf��å� �Y�îeY�5�+söqkj+x�h��Uf��
yzo%|1©iyzxA©�h+�iq�n�h�y�o+n�q§�«f��kyz��gijUq}�pyz�if��Ehko«�%gijUq}�pyz�if��]�Uqkn�f
yzoi�Uyz£�©§l&yzoplUqElU©if%v«oi�if�jm���pyzoi£E�UlmjUvix�lmvijUfEq}s�lm©if+gijUq��i�zf�nß�
°�¶ � ��
���s������v�K�2�J³}² Bäf	lU©ih�o � ¤�f2�U�zyzf��Dh�x � �+h�f��z�i�zy�o«£
hko«����©iyz� �+��f2y�o�söqkjDy�op�}h���v«hk�i�zf�x�qkn�n�f�oplm����u&jUh�yz£({&qkvilmy��zyzf�j
söq�j1�U©ih�jUyzoi£ElU©if�u&qP�éf2f��Fqk�ëqkl1�iq�n�h�y�oL�

�@H��2HLý¢HJO	��HJ_
{&hkyzjm���J¤��z�¢h�oi�ð�=qpqkjmf}�J�¨����k�k�¬� $+jmhk�iyzf�opl(�«f��Ux�f2o§l�söqkj
£�f�oif�jmhk�ëjUf�yzops¯qkjUx2f�n�f�opl&�zf�hkjmoiyzoi£i�ë��oh� 8'A<+'0�4�9E( -/0�N#9#� 2 +�O
��0�2�.�2\L�+�*H- .'0-�N2 . 4�9E(�( - 0cJ	�13�( *,9/L#(�
�
�(u&hkn��«jUyz�i£kft�¬�=���
�æ��� ��jmf��U�2�
{&f�jmlU�Uf � hk���1e¨�5�D�z��hkoi�ä�1�my�lm�Uy � �zy��2� �«� �¨�å�������p��N#9#�G2&.PF� 3'05+cLC- 4�� 2&.�J'2 +cL�L�-/0�J}� {rf2��n�qkopl��@�=hk�m�UhkxA©pvi�mf�lUlm���
�1lm©if�oih�w¬x�yzf�oplUy¡ ¢x}�
{&f�jmlU�Uf � hk���1e¨���D�å����K��p����3'01+cLC- 4$�N2&.�J'2 +cL�L�- 0cJF9�� 9�F
*,9<2\L�- 05-6(�*H- 4�+�058� *H.#4
41+�(�*,- 4)=�.<8'9EO (A�-j�oi£��zf�|rqpqp�äu&��y������
�¨� �i� �5�5jUf�oplUyzx�f ÿ �	hk�z�¯�
{&qkv«lUyz�zy�f2j��¢u	�6"¬e	f�h�o��¢�+�6"phkoi���	hko � ���¢wé�(���k���p��e	f�x�yz�Uyzqko
lm©if�q�jUf�lmy�x�g«��h�oioiyzoi£�Fw¬lUjUv«x�lUvijmhk��h��U�mvin�gilmyzqkoi�	hkoi�ßx2qkn�ÿ
g«vilUh�lUyzqkoih��J�zf���f�jUh�£kf}��� .1�G2�05+POJ. 2���2�*,- ) 4<-/+�O���05*H9EO/O6-eJ'9<0�4�9
� 9�(�9�+'2 4
4=��� �Ê���i�}¦i�
{&qkv«lUyz�zy�f2j��¢u	�6"¢e	f�hkjm�if�o����+�6"ihkoi��$+qk�z�i� ��n�yz�il2�¬�ò�(���k��¥p�j �§g«��q�yzlUyzoi£ß�mlUjUv«x�lUvijmfßyzoågëqk�zyzx��äx�q�oi�UlmjUvix�lmyzqko��d��o��N2&.PF
4�9�9�8'-/0�J�(�����������
��p���k��}¦����k���k�}�D� �§u&�(�m�A�
u&h��U�mhkoi�ijmhi�i�¨�¬���r�����'Kp���@b'+ 4M* +'058��:': 2&./b'-DLC+'*,9�� O J'.PF
2E-/*�4=L#( 2E.'2[� +'2�*,-/+�O O 3�� 0E(�9M2EAM+ 0�O69 =?+�2&@'.�A£� 9 4M-6(�-/.�0$�N2&.PF
4�9E(�( 9E(A����©��Àe¨�ée	yz�U�mf�jUlmhklUyzq�o���e	f�gih�jUlUn�f�opl(qts]u&q�n�giv«lUf�j
w¬x�yzf�oix�f}��{&jUq}|1o=~(o«y���f�jU�myzl��k�
e	f�h�o����+��"I$+yz�}hkoL���+�6"�hkoi� �+y�nî� �E� ÿ�j&�[���k��Kp��w¬qk�z�py�o«£
g«��h�oioiyzoi£%g«jUqk�«��f2n���|1yzlU©��zhkjU£�f(�mlUhklmf%hko«��hkx2lUyzqko��Ugih�x�f����
��o	� .1�G2�*64	��05*H9<2�05+�*H- .'05+PO �I.�0�2�9<2&9<0�4�9 .'0$��2�*,- ) 4<-/+PO!��05*,9�O�F
O6-eJ�9M0�4�9��O�+�0505-/0�J	�53�(�*,9	L (A�
e	f�h�o��}�+�6" $+yz�}hko��}�+�6"}hkoi�E¤�f�h�xÈ©L�¬wë���������¬�§�=qp�if��ijmf��ivix ÿ
lmyzqko=lUf�xA©io«y�ªpvif2�(s¯qkj1x�q�n�givilmyzoi£�h�gigijmq��§yzn�hklUf2���Eqkg«lUyzn�h��
�mqk�zvilmy�q�oi�Dsöqkj��=h�j � q}�%�if�x�yz�my�q�o�g«jUqpx�f��m�Uf��2����o>$+f2y�£�f�j��pe%�z�
h�oi��wp©if2oiq}�k�p�D�¬�D�z�kf��«���z��| 41-/2�*,9�9M05*64"�I.'0�2�9<2&9<0�4�9�.'0$# 0�F
4�9<2�*,+'-/05* 3 - 0M��2�*H- ) 4M- +�O%�
05*,9EO/O�-eJ�9<0�4�9��i�=qkjm£kh�o �+hkvpsön�hkoioL�
�	hkoi�mf�o��Mj&�r�¨� �����'K¬�Qwpqk�z�pyzoi£ä�I�+�ße+���=�§�@�mf�hkjmxÈ©¬ÿ
yzoi£�yzoðgëqk�zyzx��=�Ugih�x�f}����oK�N2 . 4�9�9�8'-/0cJP(). 2)*6459&� .1�G2�*,9�9M01*�4
�I.�0�2�9<2&9<0�4�9�.�0'# 0�4�9M2E*H+�-/05* 3!-/0���2�*,- ) 4<-/+�O(��05*,9�O/O6-eJ�9M0�4�92�
�«�k�)�¬�i��p�
�	hkvi� � jUf�xA©pl��i�[�6"§�=f�v«��f2hkv��G�%�6"k{&qkvilmyz��yzf�j2�ku	��" �Yh�f��z�i�zyzoi£i�
¤5�r�D�6"(hkoi�de	f�h�o��r�+�C���k��Kp� �(yzf�jmhkjUxA©iyzx�h��(�mqk�zvilUyzq�oåq}s
n�hkj � q}�@�if�x�yz�my�q�ogijmqpx�f��U�mf��åv«�Uyzoi£dn�hkx�jmq}ÿ�hkx�lmy�q�oi������o� 2&.#4
9�9�8'- 0cJ�(�. 2�*6459�� .1�G2�*,9
9<05*64*�I.'0�2E9M2 9M0�4�9?.'0+# 0�4�9M2 F
*,+'- 05*/3>- 0-��2�*,- ) 4<-/+�O,�
05*,9EO/O�-eJ�9<0�4�9��¢���k�-�i�k���p�
�+h�f��z�i�zy�o«£i��¤5���D�6"�¤�yzlUlmn�h�o��J�[�5¤5�6"�h�oi�ò�æq§q�jUf}���%� Bñ�
��k���p���Ff�yzopsöqkjmx�f�n�f�oplY�zf�h�jUoiyzoi£��� �mvijU��f����.� . �G2�05+�ON. 2��2E*H- ) 4M-/+PO/��05*,9�O/O6-eJ�9M0�4�9��N9E( 9�+�2 4�4E¦��À�k® �-�¬��Kk¥¬�
�+f�h�jUoi�2�J�[�6"¢�=hkoi�mqkvij2���E��"ëhkoi���	£i�¢�¨�Y��k�k�¬���ñ�Ugih�jU�mf
�mhkn�gi�zy�o«£(hk�z£�qkjUyzlm©inñsöq�jro«f�hkjúÿ q�gilUyzn�h��pgi�zhkoioiyzoi£¨y�o��zh�jU£kf
�æhkj � q}�=�if�x�yz�Uyzq�oßgijUqpx�f2�U�Uf2������o � 2&.#4
9�9�8'- 0cJ�(0���������&
�1t�
� �pu&�(�m�A�

¤�yzlUlmn�h�o��J�[�6"5e	f�h�o��J�+�6"�h�oi� �Yh�f��z�i�zyzoi£i��¤5�ß���k��¥p�>�	o
lU©if�x�qkn�gi�zf��pyzl���qts(�Uq����pyzoi£ß�=h�j � q}�î�if�x�yz�Uyzq�oägijUq��i�zf�n��2�
��o2� O�9<AM9<05*643�I.�0�2�9<2&9<0�4�97.'04# 0�4�9M2�*,+'- 05*/3 -/0���2�*H- ) 4M- +�O
�
05*,9EO/O�-eJ�9<0�4�9��¢®��}¦��p¦§���p�
�=f�vi�zf�h�v�� �¨�6"é�Df��U© � yzo��J¤5��" �+yznß� �E� ÿ j&�6"ihkoi� �+h�f��z�i�zy�o«£i�
¤��+���k���p�r¤Lf�hkjmoiyzoi£E ¢oiyzlUf ÿ �mlUhklmf%x�q�o§lmjUq����zf�jm�1söq�j1gihkjmlUyzhk�z�z�
qk�i�mf�jU�}h��i�zf=f�op�§yzjmqkoin�f�oplU���d��o �N2&.#4�9
9�8�-/0cJP( . 2 *�4195�- 2�F
*H9�9<05*646�I.'0 2�9M2 9M04
9 .'07# 0�4�9M2�*,+'- 05*/3>- 0²��2E*H- ) 4M-/+PO8�
05*,9EO/O�-6FJ'9<0�4�92�
��vilmf�jUn�hko����[��¤��õ��k�t¦i��=�+�2&@�.'A$�#9 4<-6(�-/.'0K�N2 . 4�9E(
(�9E(A�
�(f�| �rq�j � � �kq�©io�Bdyz��f2�>�wpq�oi���
wpyzoi£k©L�¢wë�6" �kh�h �p� q��zhi�p�+��"ëhkoi�/��qkjU�«hko����[�Y��k�}¦«�r¤�f�h�jUopÿ
yzoi£@|1y�lm©iqkv«lß�UlmhklUf ÿ f��mlUyzn�h�lUyzqkoIyzoóg«hkjUlmyzhk�z�z�dqk�i�mf�jU�}h��i�zf
�=hkj � q}�pyzhkoä�if2x�yz�Uyzqko@gijmq§x2f��U�mf����ñ��o��N2&.#4�9�9
8�-/0cJP( . 2 *6459
�O�9<A<9M05*64>=?+ 4
41-/059:9 9
+�2�05-/0�J�I.�0�2�9<2&9<0�4�9��
wpvilmlUqkoL�¬�����}h�oi��{rh�jUlmqi�p�%����k��Kp��� 9M-/0 2�.'2 4
9/LC9M05*,9 9�+�2�0GF
-/0cJ29 ��03��05*,2&.<81��4M*,-/.�0p�:u&hkn��ijmy��«£kf}���=h��U�Uh�xA©§v«�Uf�lmlU���
�=���ñ��jUf��m���
Bdyzf�jUyzoi£«�§�[�z�phkoi��wpxA©in�yz�i©pvi�¢f2j����i���������p� ���I�zf�h�jUoiyzoi£«�� 8�+�: *H-/A<9 � 9�45+�AM-/.�2��5�ö��	 �À�i��-�i�}¦ �¬�
Bdyz�z��yzh�n���� ��� �i� ����K'K¬� ��q}|rh�jU�i�Ch�lm©if�qkjm�<q}s
jUf�yzops¯qkjUx2f�n�f�oplúÿ �zf�h�jUoiyzoi£ax�qkoio«f�x�lUyzq�oiyz�Ul=�U�p�Ulmf�n��2�Q��f�xA©pÿ
oiyzx�hk�1�1f2g¢q�jUl#�	~1ÿUu1u1w�ÿ K�KÿU®p� �(q�jUlU©«f�hk�mlUf�jmoõ~	oiyz�kf�jm�Uyzl����
{rq��Ulmqko����=hk�m�UhkxA©pvi�mf�lUlm���
Bdyz�z��yzh�n����Y��� �«� �����k�¬�!w¬y�n�gi�zfß�Ulmhklmy��mlUyzx�h��%£kjmhk�iyzf�opl�ÿ
söqk�z�zq}|1yzoi£ähk�z£�qkjUyzlm©in��Esöq�j=x�qkoio«f�x�lUyzq�oiyz�Ulßjmf�yzopsöqkjmx�f�n�f�opl
�zf�hkjmoiyzoi£i�I=?+14�45-/059:9 9�+'2�01-/0cJ#K�� ���k�;�¬�k¥��p�


